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TffB object of this series is to bring into one focua the 
leading featorea and prosont position of the most im- 
portAnt industries of the kingdom, so as to enable the 
general reader to comprehend the enormons develop- 
ment that has taken place within the last twenty or 
thirty yearB. It is evident that the great incieosc in 
edncation throughout the country has tended largely 
to foster a simultaneous interest in technical know- 
ledge, OS evinced by the spread of Art and Science 
Schools, Trade Mnseuma, International Exhibitions, 
&c. ; and this fact is borne out by a, pernsol of the 
daily papers, in which the prominence given to erery 
improvement in trade or machinery attests the desire 
of the reading pnblic to know more about these 
matters. Here, however, the difficulty commences, for 
the only means of acquiring this information are from 
handbooks to the various manufactures (which aie 
usually too minute in detail for general instruction), 
from trade jonrnale and the reports of scientific 
eocieties ; and to obtain and systematize these &ca,UfeT.e& 
drfafla is & labour and a tax utk 



IV PREFACE, 

which comparatively few persons care to snimoniit 
In these volmnes all these facts are gathered together 
and presented in as readable a form as is compatible 
with accuracy and a freedom from superficiality ; and 
thongh they do not lay claim to being a technical 
gnide to each industry, the names of the contribntorB 
are a sufficient guarantee that they are a reliable and 
standard work of reference. Great stress is laid on 
the progressive developments of the manufactures, and 
the various applications to them of the collateral arts 
and sciences ; the history of each is truly given, while 
present processes and recent inventions are succinctly 
described. 
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WOOL, AND ITS APPLICATIONS. 



Br T. C. Aeciier, FJi.S.E., Director of tho Edinburgh Museum of 
Science oud Art. 

Bt ihe term wool is generally imdcrgtood that haiiy 
covering of aaimalB, wliicli, besides being softer thau 
the hftir itsolf, has aleo n wavy chumctor. Many of tho 
manuimliaii amimilB have both wool and hair, but only 
in a very fen- is the wool in greater abondance than 
the hftir proper. Chief of these is the sheep ; next, 
the Angora goat; then the Llama, Alpaca, Vicngnia, 
and the camel. 

The eheep has &om the earliest hiBtoric times been 
of the highest importance to man as a wool-producer ; 
nor can we limit its usefulness to tho historic period, 
for prehistoric man was equally indebted to this useful 
animal; wherever we£nd the traces of his existence, 
there also wo are ulmest sure to £iid the remains of 
sheep in the form of bones, and, in the instance 
of tho lakc-divellera, fragments of woven woollen 

cloth. 

The fact that the eheep has been so long domes- 
, ,&n^ted, has caused it to be » uialteT cS tiawirtnxDS.'i 
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whether it has beon derived from any of 
BnimalB of the genus Oris. Many Lave entorbuped 
the opinion that it is the 8&mo ouimal as the Argal^ 
Ong Amman, Liun,, a native of the mountains of Oe 
tral Asia, and a great weight of evidence in faTonr 
that supposition is obtained from the circumstanoe, dl 
all the tribes of people who hiivo from time immo- 
morial dwelt on the plains surrounding those monn- 
tains have always been pastoral in their habita 
occupations. Still, however, there is no positive prod 
that oar sheep was derived either fium the Argali oc 
any other known wild species: and the probabili^ 
has been much lessened by the recent discoveEies < 
the remains of sheep, mingled with stone weapons of 
people who existed under such different conditions 4 
the earth's surface, that wo may assume with as much 
probability that thoy were the progenitors of the 
Asiatics, as that the latter were their anceEtore. 

The very great antiquity of this friend of man is 
exceedingly interesting, and it would almost seem that 
it is essential to man's eiietcnce in temperate climates. 
This leads us very naturally to the qucstiim, " Why 
amongst oil the numerous species of animals upon 
the earth's eui'face, does the sheep liold such pre- 
eminence?" Many reasons may bo given in answer, 
but there is one which is the most important, and 
perhaps the only one which exists in greater perfection 
in the sheep than in any other known animal ; and a 
knowledge of it is absolutely necessary to a correct 
understanding of its economic value for manufactuiing 
It JH the peculiar structure of the wool- 
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Btracture which makos it of na 
Bpiimer, and weaver. Ytiluable 



to the felt-maker 
i the animal is ia 
yieldlsg wholeBome food to man, that use ib cortainly 
seoondary, and always has been, to its wool-producing 
powers. This important peculiarity in the stnicture 
of the wool can hardly be understood without the aid 
trf illustrations, for it is to a great extent of a micro- 
scopic character. The best kind of wool for eiamiua- 
tion of its sttnctnre is that of the Merino sheep of fine 
qnality, which will be seen to have a waved apiiear- 
ance (Fig. 1). If we remove a single hair and 
examine it, the nnaided eye will enable ne to perceive 
that this wavinesB of the whole lock depends upon a 
remarkably regular series of curves in each fibre of 
the lock (Fig. 2), Let us now place tlus individuid 

Fis. 1. 




hair under a high power of the microswiiK;, and wo 
shall find that it is a cylinder, the HUrfai»; of wliich ih 
oorered with imbricated scales p<iiutiug from the buic 
l^mxds to the tip of the hair (fig. 3). TboM weakm 
ftTB odI; mttsdied hy ihat htan to Ibb c^^uu^xwl& 
■_ »» _ 
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the Bcalec 
facts uid ' 



hflir, for if wo bend it (Fig, 4) we boo that t 
mre quito detached otherwise. With those facts uid 
illuBtrotioDs iKifore ua, it is phiiu that if two of these 
Bcaly cylinders are placed reversed ways — -that is, the 
boso of ODO to the top of the other, and vice versa, imd 
if they are brought iuto close contact and tlieu pulled 
one against the other — tho scales of the one hair are 
atire to sliii into those of tho other, in proportion to 
the force used in producing this intermingling. Thi£ 




is shown in Fig. 5 diagromatically ; but 

the scales are relatively larger, more c 

yet more closely laid on the cylinders; so thaf^ 

point of one may become inserted nnder i 

the opposing scale, or it may bo pressed down to ^ 

middle or to the bottom, according to tho force use 

At first eight these miniifo details may appear h 

nifioant, but the reader will soon learn, that n 
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depends evorythiDg of importBiico connected with the 
woollen Rnd worsted manufftctures ; and these ape- 
oialitiea in the strncturo of each individnal fibre of 
wool have made the sheep the uiost valnablo of all 
nala to man, not only in this advanced siage 
of his history, but even when lie had to fight for the 
poBsesaion of his cave dwellings, with the cavo bear, 
the hyena, and other fierce creatores, witli no better 
weapons than he could fashion out of flints and 
stones. 

Wo only know from the testimony of a few bones, 
found under special circumetitnces, that such was the 
case ; but we have proofs in the historic records of 
later, though still very early periods, that the sheep 
and its wool were of the highest importance, and that 
the rearing of the animal, and the careful treatment of 
its valuable covering, were regarded aa amongst the 
most useful of man's accomplishments. From the 
beginning of the Bible to its eod we find continuona 
leference to these BuUjects; and our information from 
other archaic sources equally teema with allusionB to 
pastoral life and to its importance. Only in Egypt, 
that land of wonders, of refined civilization, and of 
eminence in the technical manufactures, do we miss 
' that of wool ; it being evidently a part of its religion 
to eschew the nse of sheep's wool, and to abominate 
the pastoral life. Possibly this arose out of jwlitical 
causes, such as repeated invasions by their pastoral 
neighbours, and the long and tyrannical dynasties of 
their occasional conquerors — the shepherd kings. 

tr be the cause, the Egj^tians, fti-^lSasA. 
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sheep'a wool, and ciiltiveitcd vegetable fibres, whicA 
with their fine and equable climate prebablj formed 
the better material for clothing. The perfection to 
which they brought the manufacture of their faTourite 
material is well seen in the murvellous fabrioB, whid 
are found in euch abundance in the receptacles of 
dead. 

The wool of a Merino sheep is recommended foE 
microscopio examination, because in the class of short- 
staple wools to which it belongs, those pecoliotitiar 
which have been deEcribed attain their perfection; ^M 
onrvea in the length, and the scales on the sur&oe 
each individual hair, being so much m 
than on those of the long-alapled varieties, of wl 
1 Fig. 6. It will easQy be 

Fig. 6. 



stood, that such fibres are admirably formed for 
ning into a thread, because the curves of one fibre wi 
fall into the others with which it is brought into aa 
tact without any bending, which must be the case 
perfectly straight ones were twisted into a thread i 
yam. The proeessea of preparing the wool for apii 
ning consist chiefly in combing or carding the 
BO as to lay the individual fibres side by side, by whh 
operations they are placed variously as to their end 
the bases of some being in connection with the tips 
others. Under these circumstance s, the valuable litH 
scales come into play, the points of one set becoming 
inserted nnder the points of another set, as in Fig. 6 
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the fibres are closely interlocked, and form a. tbrend 
whieb will not untwist. If we take any bair, say 
haDtaa bair, wbtch has Dot these peculiarities, we 
may twist it as mucb as we like, but it will untiviat 
again, owing to its elasticity and tbe want of tbe little 
scales to retain it in tbe twisted state. 

Althougb, as a mfttter of course, tbese importMit 
pointu in the structure of wool bave existed as long as 
the sheep has been known and man has availed himself 
of them, yet be has done so in blind ignorance of the 
facts until n very recent period, la 1853 Mr. Touatt, 
aided by Mr. Powell, tbe optician, examined the 
structure of Merino wool, and found that in the quality 
under his examination, there were no less than 2400 
scales to an inch of fibre ; tbia number is non' nearly 
doubled in the wool of some of the rare races of 
Merinos, such as those raised in Bohemia and Hun- 
gary, and by tbe Grand Duchess Helone on ber estates 
in Russia. 

On examining other qualities, it will be found that 
the long and coarse staples are furnished with very 
much fewer scales, besides having longer curves, as in 
Fig. 6 ; e. g, a fibre of Leicester wool contains only 
about 18G0 scales to an inch. 

Altboagb, as stated at the commencement of this 
paper, other animals besides sheep yield wool, yet tbe 
most careful examination has failed to discover that 
any other wool is bo perfect in tbese two particulars ; 
and if to this we add that none of the other wool- 
bearing animals possess the docility and capacity for 
domesticatioit, tbe capability of bearing d. ^vti. tiSsssak^ 
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range, and a Bpccial fitness for human food, all wonder 
ceases with respect to the fact, that the sheep has been 
the constant companion of man as far back as he him- 
self can be traced. Perhaps man first used the skins 
of sheep for clothing ; if so, the period was very re- 
mote indeed, for it has come to light within the last 
year or two that the curious bone combs so commonly 
found in the kitchen-middens and other deposits of 
the remains of prehistoric man, were more likely used 
for combing wool preparatory to spinning it, than for 
combing the hair of those who made them. Others 
have assiuned that wool was first employed for 
clothing in the felted state, and not woven. That 
felted cloths were very early used by various nations 
is indisputable, and it is not to be wondered at that 
the curious property called felting was one of the first 
discoveries in the use of wool, for it occasionally, 
though rarely, becomes felted on the animal. This 
property is nothing more than the capability of the 
individual fibres to lock into each other as before 
described, without being twisted to produce the result. 
If a quantity of wool be spread in a layer, and wetted 
and beaten with a flat piece of wood, the fibres work 
together until they form a compact but much thinner 
layer, so much like cloth that it can be and is used as 
such. By this rude process, even in the present day, 
the peasantry of Northern Kussia make thick felt 
shoes, boots, coats, hats, &c., which are warm and 
strong, though not very pliable, and of such materials 
the ancient Greeks made those classical hats that we see 
in their statues of gods and men, which but for a very 
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oHglit differenca in thoir form might bo takeB for the 
jim-crowi ai the present diiy. Still, however liltely it 
WEis that the miLnufacture of felt was one of the earliest 
applications of wool, we muBt not forget, that the very 
oldest remains which have been discovered of woollen 
clothing have been fragments of moven eloths. 

The greatest development of pastoral occupation, as 
far as we know, was in the neiglibourhood of those 
moantains of Central Asia which are characterized hy 
rich and fertile plains, a genial climate, and other con- 
ditionB, as suitable to man as to his companion the 
sheep. As far back as our information goes, Mesopo- 
tamia, Persia, Syria, Arabia, Palestine, and Scythia 
have been famous. Then, as now, the shepherds wan- 
dered about with their flocks, seeking new pnfitures, 
and, we may presume, sold to the settled popTilationa of 
the towns the produce of their husbandry in the form 
of wool, cheese, and milk. Throughout the Bible there 
is abundant evidence, that by the Hebrews and their 
neighbours the shepherds' employment was held to be 
most honourable as well as important ; even royalty 
seemed to gain in esteem by adopting the care of flocks, 
as we read in 2 Kings iii. i, " Mosha, King of Moab, 
was a sheep-master, and rendered unto the King of 
Israel an hundred thousand Iambs, and aa hundred 
thousand I'ams with the wool." 

The Fhwnicians were dealers in and mannfactnrerB 
of wool, and attained great eminence in the art of 
dyeing it ; the Tyriaii purple, believed to he obtained 
from the animal of a sea-shell, Murex Iruncatiila, is 
Upown to every claHsioal scholar bj ttiB "Kamsiwas. 
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nlluBions to its grent repute amougst the ancient 
Ths Greek colonies in Asia. Minor gave an impetos t( 
the manufitcture of wool for ornamental as well ■ 
useful purposes, and tlie Ionian colony of Miletus w 
especially celebrated for its fine wool and its bean 
tiful carpets ; and both of these were probably at fi 
obtained from the Coraxi, a native race who are Bt 
poaed to be now represented by the Circassians. T 
Milesians then became so famous for their Sue wo 
that the palm was eveutnally conceded to them, a 
the Goraii fell into the second rank, Still the lat 
retoiued pre-eminence for their shawls, which were 
celebrated, that they are mentioned in a poem 
Hipponax, of Ephesns, G40 b.o. It is, however, m 
likely that then, as now, the shawls of the ancesb 
of the Circassians, and probably too the carpets 
MiletuB, were made of goats' wool, which is 1 
material of the Cashmcrian shawls of modern timeK 
This is the more likely, for some of the g 
authors likened the Milesian fleeces to the wool of tl 
camel, and everyone who is familiar with the feeliiif 

t of camel-hair or wool knows how strongly it resembl 
in that respect the wool of the Cashmere goat, ' 
which the most beautifnl shawls are made. 
Like the Phcenicians, the Milesians also I 
Tery famous for their dyea ; thus we find in Sothebyl 
translation of the third Georgiac of Virgil the i 
lowing lines r 
" Let ricli Miletus vaunt her fleecy pride, 
And weigh with gold lier robes in purple dyed." 
It is curious to look back to those times and oo 
paro ihem with the preBeut. Iheu \.\i6 ■m.iife's. c^unas 
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the Milesian, fleeces were obtained from sheep which 
were covered with a coating of skin to protect the 
fl.eece, or rather to make it more attenuated in the 
fibres by the unusual care bestowed upon it. Nowadays 
the rare breeds of Morayia and other places are kept 
imprisoned in cote, which deprives the animal of all 
vigour, and makes each individual hair of tho fleece 
partake of the general attenuation. Such roaring is 
too extravagant for general purposes, and is only 
another instance of the reckless cmoity too often 
resorted to for fostering luinry, Th rough ont the 
history of Greece and Eorae, tho cultiiro of the sheep 
was second to no other occupation in importance, and 
was miied up with their religion, their commerce, and 
indeed with all the relations of their life. Pastoral 
life was tho favourite subject, after love, with their 
poets, and the favonrite recreation of their groat men, 
when seeking retirement from the cares of more active 
life. It cannot be said that in this respect matters are 
much changed, for in all parts of Europe where the 
animal thrives, the wealthy delight in owning large 
floeltB and enjoying somewhat of an Arcadian life. 

It is not within the limits of this article to enter 
upon the moot points connected with the question, 
whether the sheep is indigenous to, or imported into, 
Great Britain. Suffice it to say that there is no proof 
of its introduction, but there are proofs that it existed 
long antecedent to tho Roman invasion and occupation. 
It is interesting, however, to know that our cou'incrors, 
amongst the many other lessons that they taught us, 
^teroatically manufactured wool first in Biya.™., »i^ 
lebeeteT; anrfin the time of T)ioTiy&\.\vaKVfc-i(Ciis'v:K«4,, 



^ 



^jbioi 



12 BRITISH MANUFACTURING INDUSTRIES. 

a Boman autbor of that period, this manufactory had 
attained such celebrity abroad, that he thus writes, 
" The wool of Britain is often spun so fine, that it is 
in a manner comparable to the spider's thread." 

Now the Eomans were not likely to have brought 
wool to this country for the purpose of making it into 
cloth, and we must therefore conclude that they found 
it here in such abundance and of such good quality, as 
to tempt them to utilize it. How interesting would it 
be in this country, which of this material consumes 
annually more than 350,000,000 pounds, to learn all the 
particulars of that first establish^lent in our island, to 
know how it was managed and for whose behoof, how 
many workers it employed, and how they worked. 
What a striking contrast it would offer to those mighty 
hives of industry in busy Yorkshire, in which thousands 
of hands, and machines of wondrous complexity and 
power, produce fabrics at a rate which could not even 
have been imagined by the early founders of the trade. 
Equally interesting would it be, if we could learn how 
it throve, and whether any similar establishments were 
started during the succeeding half-dozen centuries; 
but history is entirely silent upon this subject during 
that period of time. In the ninth century, however, 
we again light upon it; the mother of Alfred the 
Great not only was a spinner of wool, or to use the 
name afterwards adopted, a spinstei^ but she taught 
her daughters the art. From this time forward, even 
to the commencement of the present century, most of 
the spinning of wool was done by women, and their 
industry was only equalled by their skill, it being the 
pride of a good spinster to make ^Joa ^^«\. ^^ancL vl^ 
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plenty of it. Several reraarkablo esaraples of this 
skill are recorded, one cvoa by the Eojol Society: 
Mary Pringlo, n Norfolk lady, earned this honour by 
HpinningapouBdofwoolinto fifty hanks, OF S4,000yards 
(nearly J:8 miles J, though this falls very far short of 
the accomplishmQDts of a Lincolnshire lass, Miss Ives, 
of Spalding, who spun the same weight of wool into 
1GS,000 yards, or 95^ miles of yarn, whilst the 
ordinary spinners of that time varied from (good) 
13,440 yards to (supei-fine) 39,200 yards the p'Juud. 

The whole manufaoture of wool, from its most 
primitive to its most perfect state, involves so tuncb 
care, patience, and skill, that it must have exercised a 
potent inflaeDoe upon the civilization of man. It was 
easy to pluek the flocks of wool from the living sheep, 
or from its skin after death, but before it could be 
spun into a yarn for weaving, it was necessary to comb 
out the entangled fibres, and clcir them from the 
broken and stumpy hairs, aud the finest short ones 
called tech,iiically no'ds, for whtoli purpose bono combs 
were used (Fig, 7). They were ill-adapted for any 



I bat the coarsest kinds of wools, such as those rude 
B tim es produced, and they could nol^WOia'^Vo'se&.'w&issoS. 
^^^W waste of the material. 
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Until very recently combs with metallic toeth (Fig. C 
were need, and the more advanced wool-comberB elightlj ' 
improved upoa them by making them with, ser^vl \ 




¥ 



y amaUfi: 



(Fig, 0), great care being taken in Bie"^ 
latter form to have the teeth very emooth, round, i 
and straight. It may eccm to my readers, that frith | 
a comb like thia in one hand and a tiift of wod I 
in the other, there was no great mystery or art in \ 
combing ; there is, however, no more delicate o: 
material to deal with, as it ie not desirable to have the | 
fibres laid all in one direction, and, moreover, rough 
usage by so rude an instrument would produce much 
broken fibre. Hence it is the rule of the wool-combOT < 
to employ a pair of combs, and he has near him a 
Email fire at which he can keep them both hot. Ke 
!t takes ono and fises it ia a notch ui 
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poet ; he nest takes a handful of wool previously 
sprinkled with oil to make it supple, and draws it 
thzongh the teeth of the heated comh. Each pull 




leares some fibre in the comb, and in the end all but 
the noils are so placed. This process is repeated with 
the other heated comb until both are fuU. Both are 
then heated by the fire, and taken by the workman, 
one in each band ; that in his kft he places with the 
points nppormost on bis knee, while he reverses the 
other and draws its teeth through the lower one 
repeatedly, until the wool is all found to be laid in 
one direction, that is to say, with the fibres side by 
side- A cIoBe examination would show that the fibres 
from the combs are laid in opposite directions, but 
closely intermingled, as required by the special stnic- 
ture of the wool. "We do not rec^uire a microscope to 
prove this to us, for it ean bo done by the eeneo of 
tone h almost as well as by the eje ■, \S -we 'is&a ^«oi. 
mbed wool a einglo fibre, ani diaw \\. c^.t.e'lASi.-j 
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tlirongh tbo finger and thumb, we shall difitinctly fi 
that it passes through, either smoothly or roughly, s 
vice verm. A Bimilar trial of a few fibres will s 
prove that the comhiug haa done its daty, and arrai 
the fibroB pretty fairly in both directions, so that in 
enbsequent operations the projecting scales will c 
into piay and perform their important part. T 
tedious process, ret^uiriag skill and perseTerance, < 
but a few years ago the universal method, and so 
operations in wools were almost limited to those of thai 
longest staples, which are never the finest in qnality,l~ 
Bat this, OS I shall show, when I apeak of the intiodno- 1 
tioQ of machinery, has been entirely reversed, and thai 
difficulty now is rather with the long than with. lha| 
short-staplo wool. 

It must be borne in mind, that in the combing pro- 1 
cess by hand, however well conducted, the results h 
very imperfect, and wore confined to a special d 
of wools, which led to great waste, as the noils t 
thrown aside as utterly worthless. Those diScoltie^ 
stimulated tho minds of inventors, and it w: 
found easy to treat short-staple wools like cotton, a 
by the use of properly constructed carding machineB^a 
to convert the shortest and finest into idiyers, whicJil 
could nltimatdj be converted into yarn, as perfect k 
ever the hand made, and infinitely finer. 

Still the favourite wools were the long-staple Idnd^l 
and efforts without nnmhcr were made to render them-l 
as easy of manu&cture as the short ones, though th« 1 
dignities were great, and for a time insupcrablai I 
We arc indebted to an Alsacian, M. Josae 
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foi first helping us to a solution of this difiiculty. Ho 
constructed a combing maclune, which could hold a 
tuft of wool by its middle and comb both ends ; and 
when completed, be added this to another combed 
flock, and 6o built np a diyer of the desired length, 
and fitted for the aucceeding operations of roving and 
spinning. 

The properties of wool being of such a i>60uliar 
nature, the breeding of sheep was from very early 
times held to be of the utmost importBJice, and almost 
every variety raised has been fonnd to difter in the 
quality of the wool. Climate and food are the two 
great causes of variation ; consequently eaeh eonntry, 
and I may say with respect to British sheep abnoat 
every county, Las of had its special breed. This 
tendency to variation has greatly decreased under the 
improved farming of the present century ; which, by the 
more scientific treatment of tho soil, acooi'ding to well-' 
defined general principles, has prodnced a more uniform 
system of feeding and tending sheep and other animals, 
whilst the extensive drainage and cultivation of the 
land has done much to oq^ualize the climatic conditions 
of our coimtry. 

The following Table, which has been constructed 
with great care, and corrected by some of the most 
eminent wool merchants and others, will give the 
reader a correct idea of the numerous kinds of sheep 
and some of the variations in the quality of their 
fieedes. It will account for the fact that there are not 
less than eighty difl'erent kinds of wool to bo found 

ihl::'"""'^"^ 
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TABLE SHOWING THE VARIETIES AND BREEDS 

With other Pabtioulabs bespeotino 



Varieties 










and 


Breed. 


GroflB. 


Staple. 


Qoali^. 


Sub-varieties. 










1. SpaniHl) (Ovis 
Hispaniam of 


Spanish . . . . 
Clasii 1, ERtantes 


• • • • 

• • ■ • 


Short 


fine 


Linna'us). 


or Stationary. 








A 


a. Cburrali 


• « • • 


Ijong 
(8 inches). 


Rather ooerse 




b. Merino.. .. 


• • • • 


Short 


Very fine 




Class 2, Transhu- 










mantes or Mi- 










gratory. 










a. Leonese 










N^rettes . . 


• • • • 


Short 


Fine 




Escorial or 


• • • • 


Short 


FhMrt 




Kstremadnra. 










Guadeloup . . 


• • • • 


Short 


Yeryfine 




Paulars 


■ • ■ • 


Short 


Good 




Infantados . . 


• • • • 


Short 


Goarwand 




b. Sorian 






baiiy. 




Swedish . . . . 


Merino and native 


Long 


Soft and flue 




French . . . . 


Merino and Rousillon 


Long 


Soft and veary 
fine. 
Fine 




Danish . . . . 


Leoncse and native 


Medium 




Saxony . . . . 


Merino and best 
native. 


Short 


Finert 




Prussian . . . . 


Merino and native 


Short 


Very fine 




Silesian . . . . 


Merino and native 


Short 


Very fine 




Hungarian . . . . 


Merino and native 


Short 


Fine 




Hanoverian 


Merino and small 
native. 


Short 


Yeryfine 




New South Wales 


Merino and South- 
down. 


• • 


Fine 




M 


Merino and Leicester 


• • 


Fine 




WesternAustralia 


Merino and Leicester 








British (pure breed) 












Merino and South- 


• • 


Fine 






down. 








British .. .. 


Merino and Leicester 


• • 


Fine 




M 


Merino and other 


• • 


Fine 


1 




natiye breeds. 


^ 
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OF SHEEP, FOREIGN AND BRITISH. 

THE Value of theib Wool, etc. 



Cteneral 
Colour. 



Black and 
White. 
White 

White 



filack. 
White,: 
and Grey. 
White 

White 
White 
Whiter 



White. 
White 

White 
White 

White 
White 
White 
White 

White 

White 



White. 

White. 
White. 



Average 

Weight of 

Fleeoe 

Wa^ed. 



4 to 5 lb. 



Bam 81b., 
Ewe 6 lb. 



91b. 



Ram 4 lb.. 

Ewe 2i lb. 

2ilb. 

31b. 



Whether for Combing 
or Carding. 



Carding 

Combing. 

Carding. 

Carding. 

Carding. 

Carding. 
Carding. 



Combing and Carding. 
Combing and Carding. 

Combing and Carding. 
Combing and Carding 
Carding. 



Combing or Carding. 
Combing or Carding. 



General Application, &c. 



Used in Leeds and Huddersfield. 

Spanish wools obtained from the 
plains are of the Merino kind, 
and are chiefly used for woollen 
goods; but that obtained from 
the mountains is coarse and of 
unequal quality, and is used for 
low-class goods of various kinds. 



Silesian wool Is almost if not alto' 
gether the finest in the world. 



o-i 
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Table 


SHOWING THE YaBXETIES AKD BBEEDB 


Varieties 










and 


Breed. 


Cross. 


Staple. 


Qoali^. 


Sab-varieties. 










2. Common sheep 










(Ovis rusticus 










of Linnaaus). 










Sub-variety (o), 


Lincolnshire . . 


Tiincolnand Leicester 


Long 


Good 


Hornless, or 








and glossy. 


Lincolnflhire. 










Sub-variety (6), 


Shetland . . . . 


. . ■ • 


Long 


Veiyftne 


Muggs and 










Shetland. 










Sub-variety (c), 


Herefordshire . . 


. • • • 


Long 


Medium 


Ryeland. 










Sub-variety (d), 


Sussex . . . . 


. • • • 


Short 


line 


Southdown. 












Kent 


Southdown and Rom- 
ney Marsh. 


Short 


Medimn 




Hampshire.. .. 


Southdown and old 
black-£aced Berk- 
shire. 


Short 


Fine 




Berkshire .. .. 


Southdown and old 
black-faced Berk- 
shire. 


Short 


Fine 


Sub-variety (e), 


Norfolk . . . . 


Southdown and Nor- 


Short 


Fine 


Old Norfolk. 




folk, or Downs. 










Southdown and Lei- 


Medium 


Medimn 


• 




cester, or Norfolk 
half-breeds. 






Sub-variety (/), 


WUtshlre .. .. 


Southdown and 


Short 


Fine 


Old Wiltshire. 




Wiltshire. 






Sub-variety (^r), 


Neighbourhood of 


• • • • 


Short 


Medium 


Dorset. 


Dorchester. 








Sub-variety (^), 


Cornwall . . . . 


Cornish and Leicester 


Long 


Coarse 


Cornish. 










Sub-variety (t), 


Lincolnshire 


■ • • • 


Long 


Good 


Old Lincoln. 


Lincolnshire 
Wolds. 


Lincoln and Leicester 


Long 


Good 


Sub-variety (J), 


Kent 


• • • « 


Long 


Medium 


Romney Marsh. 


Southam Notts . . 


Romney and Devon. 






Sub-variety (&), 


Devonshire 


Bampton and Lei- 


Long 


Very fine 


Bampton. 


Buckland. 


cester. 






Sub-variety (Q, 


Exmoor . . . . 


Exmoor and Leicester 


Long 


Medium 


Exmoor Nott. 










Sub-variety (m), 


Devonshire 


Cotswold and New 


Long 


Medium 


Cotswold. 




Leicester. 






Sub-variety (n), 


Dishley . . . . 


• • • • 


Very long 


Coarse 


New Leicester. 










Sub-variety (o), 


Durham . . . . 


Teeswater and New 


Long 


Fine 


Improved Tees- 


York 


Leicester. 






water. 










Sub- variety (p), 


Lancashire.. .. 


Leicester and Wood- 


• • 


« • • • 


Woodland 




land. 






homed. } 


Southdown and 










WoodLftM. 


\ 


\ 
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^P 


p, FoSEroN 


ANI> BRlTiaH— ooni 


med. 


w 


Weigh I of 
Waibrf. 


Wbrtber for Combing 
or CudUig. 


OenemI Appl™ilon. to. 


While 


.„.,.. 


CombiDg 

Combing. 


These arc amonpit lie Bnist ol 
Ibe loDg-slapled or mmltoB 


WMU, 


etoTib. 


Combing. 




WliiUiiiid 
Whita 


3 to (lb. 
3to41b. 


ConihlnB»i.iCirdlcs 
Cmibing and OnliBg. 
Combing and Oinling. 


lloegeW Bra valnahlf, and Iho long 
qmditiEa are UKd in BradfonC 
Ibe slioncr od« In BocHdulcr. 
for flannelB. 


Whlls 


.ilb. 


Combing »nd Carding. 




While 


3ilb. 


Combing and CarftoB 


For flannels and Igw clotli. ^^ 


WMU 


6 1b. 


ComUiis. 


M 


Wbl.. 


a lb. 


Combing mdCardbig. 


m 


Whila 


ajifc 


ComMng and Carding 


Livery elotb nt IlraiDiter. 


.w.» 


StoTlb. 


Combing ud Catdlng. 




as 


stpalb. 


C™bing. 
Combing. 

C^mbii^. 




WSito 


9 1b. 


Combbig. 




WWtti 


4 1b. 


ComblDg and Carding. 




WblM 


TloBIb. 


ComWng. 




Whitt 


BUS lb. 


Combing. 




;; 




CDmbing. 


This breed ii ntfirly, if not qnitt, 
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Table showino the Yabxetieb asd Bbeids 



Varieties 

and 

Sab- varieties. 



Sub-variety (g), 

Silverdale. 
Sub-variety (r), 

I^niston. 

Sub-variety («)• 
Isle of Man. 

Sub-variety (0» 
The higher 
Welsh moun- 
tains. 

Sub-variety (u). 
Soft - wooled 
Welsh. 

Sub-variety («), 
Cannock Heath, 
or Sutton Cold- 
field. 

Sub-variety (w), 
Cheviot. 

Sub-variety (as). 
Dun-faced. 

Sub-variety (y), 
Black-faioed. 

Sub-variety («), 
Hebridean. 

Sub- variety (aa), 
The Orkneys. 

Sub- variety (66), 
Shetland. 

Sub-variety (cc), 
Wicklow 
mountains. 



Sub-variety ((id), 

Herd wick. 
Sub- variety (ee), 
The Bass, or 
Boosh. 
3. Barwall sheep 
(Ovis Barual, 
Hodgson). 



4. Hooniah sheep 



Breed. 



Lancashire.. .. 

West Riding 
(Yorkshire). 

ManzHilla 

Manx Valleys .. 
The mountain 
sheep. 



The Anglesea . . 



Staffordshire 



Northumberland 

Northumberland 

Scotland 

Westmoreland .. 

Cumberland 

Northumberland 

Scotland 

The Hebrides 



• • • • 



The Orkneys 

Shetland . . 
The flounder-tailed 
Cottagh 
The Irish 



t • • • 



Cumberland Hills 
Bokhara. 

Nepal 



Hooniah or black 
faced sheep of Tibet 



Cross. 



Staple. 



Peniston and Lei- 
cester. 
Peniston and Cheviot 



Shetland and 



Dutch 



Long 

Short 

Short 
Short 

Long 
Short 



Medium 



Fair length 



Medium 



Medium 

Long 
Long 



Long 
Short 
Long 



Short 



I/ong 



QoaUtj. 



Good 

Moderate 

Moderate 
fine 

Fine 
Fine 



Not Teiy fine 



Medium 



Medium 



Ooane 

Inferior 

Not very fine 

The finest 
Medium 
Medium 



Very coarse 



Soft and fine 
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OF Sheep, Fobetgh and Bbitish — continued. 



General 
Colour. 



White 

White 

White 

White and 

Grey. 

White 



White 



White 



White 



White and 
Grey. 

White 

White. 

White 
White 
White 



White 



Average 

Weight of 

Fleece 

Washed. 



Whether for Combing 
or Carding. 



4ilb. 



2ilb. 

lib. 
2ilb. 



2i to 5 lb. 



6 to 7 lb. 



Hlb. 
4 lb. 
2ilb. 
31b. 



31b. 



Combing. 

Carding. 

Carding. 
Carding. 

Combing. 
Carding 



Combing and Carding. 



Combing 



Combing. 



CombiDg and Carding. 
Combing and Carding. 



Carding 



Combing 



General Application, be. 



Chiefly used for flannels. 



Though generally much dis- 
coloured by smoke, it washes 
quite white. 



Used for the flannels of Ratbdrum, 
stuffs, bombazines, bombazetts. 

The Irish breeds have been crossed 
with Leicesters, Southdowns, 
and Merinos In every country. 

Used only for low-quality goods. 

This variety Is remarkable for its 
hardiness and Its peculiar saga- 
city in foreseeing and preparing 
for a coming snow-storm, which 
is done by the flock stationing 
itself on an exposed part of the 
hill in such a position as to 
cause tbe snow to drift, and 
thus leave an uncovered space 
for the sheep. 

For ladies' dresses. 
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Table HaowDra thb TABtmn and Bbibm 



(OvlB ElhLo- 
pl»,Ch»rlcl). 
African (Ovls 



Aries Nun 



™Hnii- 

dB,H. Smith). 

Coogo shwp 
rOrit Artca 
CoDgensla. 
B. Smith). 

AneoUshcrp 
tOvta Art™ 
AugDlpnalSt 
H. Smith). 
I. Yenn, or Q ot- 
tered alieep 



Tho Dexan 



butpecnllulj 

■oftudtUkT 
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OP Sheep, Fobeion and Bbitibh — continued. 



€^eneral 
CJolour. 



Average 

Weight of 

Fleece 

Washed. 



Some breeds 
black. 

White, 

YeUow, 

Grey, 

Brown, 

Black. 



Yellow 



Beddish- 

brown. 

White. 

White and 

Grey. 

White and 

Grey. 



Whether for Combing 
or Carding. 



Carding 



Carding. 



Carding 

Carding 
Carding 



General Application, kc. 



For rags and coverlets. 



East Indian wools are chiefly used 
for making blankets, but small 
quantities are used also for 
making carpets and rugs, and 
some of the longest for worsted 
manufiEu:turers. 



Blanket^, rugs, and carpets. 



For making the caps or fezzes. 

Used for felt goods, blankets, and 
rugs. 



Not used in Europe. 
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Table showino the Vabieties avd Bbeedb 



Varieties 

and 

Sub-varieties. 



23. IxaloB (Ixa- 
lus proba- 
ton,Ogilby). 

34. Cretan sheep 
(Ovis strepsi- 
oeros, Kaii). 

26. Long • tailed 
(Cms longt- 
caudatus, 
Brisson). 



26. Broad -tailed 

sheep (Ovis 

laticandatus, 

Erxleben). 

Sub-variety (a), 

Fat-rumped 

sheep (Ovis 

stearopyga). 



Sub-variety (6), 
Persian. 



Sub-variety (c), 

Fat-tailed. 
Sub-variety (d), 

Aora fiyel. 
Sub-variety (c), 

Bucharian. 



Sub-variety (/), 

Thibetan. 
Sub-variety (^), 

Gape. 



Breed. 



Crete 



Russia. 
Odessa 

Crimean. 
Wallachian 



Moldavian 
Greek . . 
Barbary 
Donskoi 
Odessa.. 



and 




Russian and Merino 



Merino 



Tartarian, Indian, 
Syrian, Chinese, 
Russian, and 
South African. 



} 



Persian 



Abyssinian. 

Bucharian, Cau- 
cassian, Persian, 
and Astracan. 



Tibetan . . . . 

Cape of Good 
Hope. 



Short, and 

much 

curled. 

Long 

Long 



Long 

Short 

curled. 

Hair not 

used. 
Medium 

Short 



Long 



Long 



Short 



Soft and fine 



Very soft 

Saky, but 
inferior from 
admixture of 

hairs. 

Superior, but 

mixed with hair 

Fine. 



Coane 
Very fine 

Good. 



M«dimn 



Long 

Fur-like, 

and used as 

sudi. 



Fine, and mudi 
curled, espe- 
cially in young 
lambs. 



Soft and fine 
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OF Sheep, Foreion and British — continued. 



Oeneral 
Colour. 



White. 
White. 

White. 



White and 
Grey. 
White 



White, 

Black, 

Fawn, 

Yellow, 

Brown, 

Grey. 



Blade; Grey 

in nnbom 

lambs. 



Average 
Weight of 

Fleece 
Washed. 



Whether for Combing 
or Carding. 



Carding. 



Combing and Carding. 
CardiDg. 



Combing 



{ 



Oeneral Applicaticxi, kc 



Used for nusmnds; the nnyeaned ' 
lambs' skins for pelisses. 



Mnch prized in the unyeaned state, 
when the delicate grey curled 
skins are taken and dressed for 
furs, and the black for making 
the spots of miniver and for 
wearing as fur. 

Used for dresses. 

As fur for trimming dress, bag8,&c. 



w 
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Varigllia 

Uld 


b™. 


Crou. 


Slaplft. 


Qcalilr, 


Sob-TKicty (*), 
OviB Aries ap- 










abaep (0.1a 
poiywratnB, 

M.TlieSi.. 


PBl«ODe.DilPI»lni 
ofBtlkah. 
India Uld N^Fal 




Start 


Thkk 


Java 




SliQrt 
and finely 


'j 



k 



The cliaraoter of the two leading kinds of wool 
LaTiiig been fully explained, I have now to Btow how 
they are worked up into various fabrics, beariitg in 
mind that the peculiar clifFerenoes in their strncture 
mainly depend npon the eicees or deficiency in the 
felting qualities of the wool need, or in other words, 
whether they are long or short-stapled varieties. The 
MBalts, in the case of long-staple wools, are cloths called 
viorgted goods, while those made of shoit-etapled wools 
are toooUen goods. The latter, or a mixture of the two, 
are also made into felts, but for this purpose the 
itoih, or broken and short fibres separated from both 
the processes of combing and carding, are 

lentll^ used. These distinctions exist, not only in 
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OF Sbeep, FoaziOM ans BBmsa—cmtm«ed. ■ 




(Sm. 


4ver«BC 

IE' 


Whelberthr Combing 
or Carding. 


General ApplioHlon, 4c. 








Nnne «f IhsK afe fc.ind 1b ™ 


tho wools of different sheep, but commonly also in the 
wool produced by a singie animal, and the Torious 
niannfactureB depend eBBentially upon their being care- 
fully separated from each other. Tho first operator 
who is called into requisition is the Wod-alapler, 
whose hnsiness is, with the nico tact only acquired by 
great experience, to opon out tho floecBS, which, if they 
have been carefully sheared, still hang together as if 
attached to the ukin. Having spread an open fleece be- 
fore him, be picks it to pieces, lock by lock, and throws 
each lock according to its quality (which is to a great 

the animal) into a basket or a sepuiate heap on his bench. 
^^^^Bually a fleece furnishes eight or tta (\us.liti£ft,^^^^_ 
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names for whicli vary somewhat in different localities ; 
but as the Yorkshire terms have been well known for 
a great length of time, I prefer to give them, as they 
are generally understood in the trade. 

The first and finest quality is called jpidUodb; second, 
T^me \ third, choice ; fourth, super. These are wools 
of the best kinds ; while the remainder are inferior, and 
have the following designations, via. : fifth, head-^oooL^ 
or the chief of the inferior division ; sixth, the dowiir 
rights; seventh, seconds, which is that grown on the 
throat and breast ; eighth, an inferior kind to the last, 
called abb; ninth, Ucery, the long coarse wool about 
the belly ; and tenth, short coarse, firom the breast of 
the animal. 

Formerly wool stapling was a special trade carried 

on by persons who bought the fleeces, or wool in bales, 

and sorted them, to be sold as required. To a certain 

extent this practice still continues, but many large 

manufacturers now employ their own staplers, and 

stapling forms the first in the series of processes 

which I am about to record as taking place in the laige 

establishments, which receive wool and send out 

manu&M^tured goods ready for the market. 

Before the selected wools can be of any «e to the 
spinner, they require to be washed firee firosn the Mr 
tural secretion, ^sr yt??i, which gives them a greasy feel, 
and also from the dirt which is rather abondantlj 
distributed through the fibres^ In some ccMmtiieB, 
especiaUy in our own and in our sheep-iearmg co- 
lonies, the first and most inqportant was^Eng pcecedes 
the shaaringy and is either effected in ^thd old-^Akwed 
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way of driviDg the aniiiiBlB one by one into a. pool of 
rnnnicg water aud cleansmg them by manual labour ; 
or else Bomo of tho many improved kinds of ahcep- 
■waahing applianoes, such 88 thoee made by Gwynae and 
Co., of London, are now mneh in use on large sheep 
fonna. By the latter a hirgo number of sheep con be 
washed in a short tame without the trouble of the old 
method, in which a struggling uaimal had to he hold 
whilst nndergoing the operation. The general prin- 
ciple of those new methods is this : the sheep are made 
to go into one or more pens, from which they cannot 
escape, and whilst so imprisoned water from unmorona 
jets is driven with great velocity upon and through 
the Ifleece, so that the dirt is speedily removed. In 
Gwynne and Co.'s apparatus hot and cold water are 
both used, and the bare of tho pen are themselves tubes 
perforated with small holes, through which the water 
mshee with tho force of a spray bath. Before they 
get into tho cages, the animals are driven into a large 
bath, in which they swim about till they find the only 
outlet in a long narrow passage, at the end of which 
Ihey ascend into an open space, where the attendants 
are placed to give them admission into the cages and 
regulate the time of their remaining there. 

Sheep-shearing follows tho washing immediately 
after the animal has got its coat well dried. This 
operation for many centuries knew no change, tho hand 
clipp^B or shears having been eontinuonsly in use as 
the only means of severing the fleece. Now, however, 
. ttie immense demand for the material has stimulated 
^^^^9 ingenuity, and mechanictd ctLttena «.t« \\%cA, 
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irhiofa do tiie work much more rapiilly and t 

tively. 

But however well tbe wool may have been washed I 
on the animare back, it is not enough for tbe spuf ^ 
ner's purpose, and moreover very large qnantities I 
have never been ao cleaned at all ; therefore tbe pro- J 
cesB of scouring hecomes necesBary. Formerly this I 
coDBietcKl Bimply in soaking the wool for a time ii 
warm alkaline solution, Bqaoozing it as dry a 
aftSFwards ringing it in clean soft water, squeezing 1 
it again, and thon drying it. Now, however, tbe J 
mechanical Scourer does the work in a most < 
manner, and with comparative rapidity. The apparattui I 
oonsista of a long, narrow trough, partly filled with I 
the warm alkaline water necessary for removing th& I 
grease, &c. The wool ia regularly fed into the trongh-fl 
at ono end, and as soon as it enters the water it ift . 
dragged forward through it by four arms in eucceBsion, 1 
BO that hy the time the locks reach the other ond ol J 
the trough they are both washod and laid straight, t 
be received on a, most ingeniously contrived Iiyier^fl 
which takes them out of the liquid, and passes them ii 
regular quantity to two rollers, between which 1 

3 drawn and squeezed nearly dry. After this t 
" 'a usually washed in aa abundance of clean t 
water, to get rid of the soap still adhering to it. It il_ 
passes into the drying machine, where it is exposed ti 
a blast of air, either warm or cold, as required, until 
every particle of moisture is driven out. It is thra 
transferred to the mlloteing, or dusting machine, i 
which teeth, fixed on revolving cylinders, disenta' 
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r the locks, wliilst n blast of air horn & mechanical fan 
I blows out the dust mid drivea tho wool through in a 
I beautifully flocculent state, well fitted for the next 
' series of operations. 

At this fltage, some kinds of wool preaent a aerioua 
difficulty, arising froni the entBUgloment of those 
troubleaomo eeods of plants called hum, which become 
attached to the sheep whilst grazing. Formerly very 
hwrry wool could not be uaod, but the invention of 
PIfttt'a Burring Machine remoTed tho difficulty, and 
snccesaive improvements in it have made the presence 
of these intruders of very little consequence. The 
worst wools in respect of burrs is that from Eucnos 
Ayres, but a Belgian burring machine by M. Martin, 
of Terrier, is said to completely free 300 lb. of wool 
per hour even of that quality. 

Let us now look hack and see what baa been doae 
sincD the wool was shorn from tho animal. The Stapler 
baa sorted it into various qualities, which have passed 
into the hands of the manufacturer requiring them for 
his particular manufacture. Before using this, however, 
he boa washed it, dried it, opened and dusted it in the 
Wtifow, after which tho burrs have been removed, and it 
is now in a fit state for carding or combing, except in 
one reS2>ect. These operations have freed the wool from 
ita natural Inhrioant the yelk, or secretion with which 
natore furnishes the animal to keep tho scaly surfaces 
&Dm interlocking and forming a coat of felt on the 
body; but the wool has consequently become some- 
what brittle and over-dry, and it has to bo oiled mth 
thin, clear vegetable oil, such as oli^e,iK^e,ca'iXQw 
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seed, <&c. The more lightly and equally the oil is 
distributed through the wool the better, not only 
because it would not work so well if irregularly 
diffused, but, as oil is always a dear article, it would 
increase the expense. For this purpose many ingenious 
inventions have been introduced, but none so success- 
fully as the oiling machine of Mr. Greorge Leach, of 
Leeds, which is applied to the willowing machine, and 
as the wool passes, distributes through it a minute 
shower of oil, in a spray so fine as to be almost 
invisible. 

The wool being oiled, if of the short kinds, is now 
weighed, in order that it may be supplied in regular 
quantities to the first carding machine, or '' scribbler," 
upon the feed-board of which it is spread evenly, and 
is carried on by the feeder to the cylinders. These 
are covered with "cards," or tightly-fitting belts of 
leather, indiarubber, or other suitable material, thickly 
set with steel points, slightly bent, and so arranged 
that they nearly touch. They are also bent differently 
on the rollers which revolve in opposite directions, so 
that any knotted portion of the wool is pulled, as if 
between two combs moving away from each other, and 
the fibres are thus disentangled and laid straight. The 
carding engine is a simple machine in principle, but a 
very complicated one in its construction, for it has not 
only to ensure that not even the minutest knot or 
entanglement shall escape its operation, but, when all 
the fibres are laid straight between its innumerable 
teeth, they have, by means of another mechanical con- 
trivance, technically called a " doffer," to be removed 



WOOL, ASD TT3 AFPllCATIOm 



r 

F in a continuous film of fibres, or a series of films. 
Each of tbcse pass between endless bands of leather, 
mnning on sniall rollers, wbicb press or " condense " 
them by a eligbtly lateral as well as forward motion, 
and form tbo first stage in making wool into yam. 
There aro many intermediate pai'ta, and even soveral 
machines, which all do uBeful and aeeessary work to 
realize this rosnlt ; but without the aid of a series of 
diagrams, nut easily made inteiligible to the general 
reader, it is impossible to giye more than an ontline 
of tho operation, and thereby explain its simple 
principles. 

For many years past, immense efforts have been 
made to bring the machinery used in the numufacture 
of wool to all possible perfection, and in this respect 
England and Belgium have been pre-eminent, and these 
large machines are now turned oat with a nicety and 
preoision scarcely surpassed by the watchmaker. 

Ab my remarks so far apply only to the machinery 
for " carding " wool for the ub^ of the maaufaeturers of 
"woollen" cloths, I will, to avoid ooni'uaion, esplain 
the snbaeiiUBnt proeessea until the completion of the 
bbric, and afterwards describe the method of pre- 
pa^ng the long kinds of wool by " combing " for the 
manufacturer of " worsted " goods. 

The wool, passing off carded from the carding 
machine as before described in a continuous film, is 
gathered into a small compass by being made to go 
thiroDgh a ring or smooth groove, in which couditiou 
it is called a " diver" which, by the motion of the 
1 rollers of the oondenser before mentioned, is 
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rubbed into a cylindrical, but as yet untwisted cord. 
The most improved machines give off as many as 
seventy-four of these rounded slivers, which, as they 
leave the condenser, are collected into three sets of 
twenty-four each, the two outside ones being rejected as 
imperfect, and used over again. Each set is wound upon 
a revolving spool or large reel. Some idea may be 
formed of the work done by one of these machines, when 
it is known that 56,000 yards of sliver pass through 
the condenser in an hour, and so fine are the indivi- 
dual slivers that 1 ounce is the weight of 352 yards. 
These condensed " slivers," or " slubbings " as they 
are now called, are removed when the spools are full 
and transferred to the spinning machine or mule, one 
of the most] beautiful mechanical contrivances ever 
made. It consists of a fixed and a movable part. On 
the former the spools filled with the sluhbinga are placed 
on spindles, and the end of the slubbing is passed 
between wooden rollers, which can be so adjusted as to 
regulate the fineness to which the yarn is to be drawn. 
It then passes on to the spinning spindles. When thus 
arranged, the movable frame bearing these spindles runs 
out to some distance, carrying with it all the threads, 
which are drawn through the rollers and twisted^ It 
then returns, and the length of completed yam is 
wound on bobbins. Every spool and spindle of a self- 
acting mule may be said to represent one of the old- 
fashioned spinning wheels, except that the produce is 
ten times greater ; and as mules with two hundred 
spindles are common, the work of one of these machines 
eguals that of two thousand hand-spinners. 
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From the commencement of the Bcrihbliug up to the 
beginitiug of the spinning process, several minor but 
important operations have been purposely omitted in 
this description to avoid confusing the reader hy their 
similarity one to another, hut their object is hy succes- 
fiive cardingB to prevent too great parallelism in the 
fibres of the wool. The object of the wool carder is to 
produce slivers in wliich the fibres cross each other eib 
much as possible, so that when they are twisted into 
yam, innumerable ends project, and the thread has a 
hairy appearance, a condition very opposite to that 
aimed at by those who work in the long wools for 
^eonted manufacturers. Many varieties of yam are 
produced for making the various kinds of woollen 
fabrics, but Ihcy are all divisible into two classes, the 
Kwrp yams and tlio weft yams, the former for arranging 
lengthwise in the loom, and the latter to be thrown 
through the warp-threada hy means of the shuttle. 
The-warp threads have to be specially prepared for 
the loom, being first transferred from the mule-cops on 
to bobbins called iiiarpeTi-bdAins. This is necessary 
to enable them to be wound off by the warping 
machine, a huge reel of aovoral feet diameter, which 
takes off the contents of maoy bobbins and forms them 
into skeins with the thread very regularly arranged for 
placing on the loom. Before that, however, the thread 
is sized in order to prevent it from chafing, and to 
give it sufficient strength to bear the strain upon it 
in the process of weaving ; for all the yarns used in 
weaving woollen cloths ore tender, being only slightly 
1, in ordar to leave ita feLtiug ^td^t^K£&«&^x««> 
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as posBiblo. Weaving is the same with all textile 
materials, and with few exceptions is now done by 
power-looms. When woollen cloth comes from the 
loom, it has a Tory coarse appearance, and, if held 
up before the light, is seen to be full of small open- 
ings at the intersection of the threads, and the snrface 
has a " fuzzy " appearance, being in this state techni- 
cally called " roughers," But subsequent operations 
entirely change this character. It is necessary in 
weaving woollen cloth, in order to ensure fineness of 
quality, that every shoot or weft-thread should be 
beaten up with groat regularity of force, so as to 
ensure the same number per inch all through the 
web; otherwise it is apt, when finished, to have a 
puckered and wrinkled appearance instead of the 
smooth and glossy surface so much desired. The 
web of cloth, after the weaving is completed, is 
stretched on a frame, and is carefully gone over by 
women, who pick out every small nib or other im- 
perfection. It is taken to the washing machine, 
where in a mixture of urine, blood, and salt, or soda 
and water, it is completely cleansed from oil and 
size. Much care is required in this operation to en- 
sure its being thoroughly done, which is shown by 
its having acquired an elastic softness to the touch. 

If not wool-dyed, that is dyed before the carding 
takes place, which is the case with all the best cloths, 
it is dyed after leaving the washing machine, and next 
goes to the fulling mill, where it is milled or beaten 
with the fulling stocks, kept carefully supplied during 
the process with thick warm soapsuds, which are said 
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to nonrisli the fibre of tte cloth. The result of this 
procesa, and of another now generally used instead of 
it, in which the cloth is passed through a milling 
machine, whore the web, saturated with soap and water, 
is flubmitted to great preBsure, is to work the fibres of 
the wool into such close contact that the scales Inter- 
lock closely, and, instoad of the comparatively loose 
textore noticed before, tLe web \a closely felted, and so 
compact aa to be free from all appearance of having 
been woven. It now goes back to the washiiig 
machine, where it is thoroughly washed to free it from 
soap and other impurities, after whicli it is tented and 
dried. Tenting eouslsta in arranging the web of cloth 
on very long frames, with small tentei'liooks on each 
eide at short intervals, the edge or selvage being 
hooked on to them, and here it is left to dry naturally 
or in some coses more quickly by heated air. When 
dry, it has a blankety look very unlike that of finished 
cloth. The next process is extremely curious, &nd ono 
in which we ajre obliged to have iGcourso to natm'o, in 
E&ising the nap or j)i7e on woollou cloth. From the 
earliest times when it was first practised down to the 
present, we have bi;en obliged to use a vegetable pro- 
duct, the teazle, or the ripe fruit of the plant known to 
botanists as Dipsacmi fitllarum. Xt is a composite 
plant with a high conical receptacle, from whieh spring 
numerous pateee, each ending outwards in a spine 
having a hookedpoiht— the points all being rocnived in 
the same directiun. The cones of spines are often about 
two inches long, arc cut in halves and arranged in 
that B laM^ and even EOi&Ae o( &« ts^ios& 
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is obtomcd, nsd over this tlie cloth is ptiSBed in miH 
a manner, that tho hooks of the spines catch the EDrfaoe 
and teasti out much of the woolly fibre, giving it a soft 
Tolvotj appearauco. It then poBsce through a machiim 
called the dreeBing machine, which puriw down the 
irregular pile raised by the teazle frames to a perfect 
uniformity of surface, and so dose that it is b marreL 
how the fabric itself rGceives nu injury. No medu^ 
nioot contrivance, and there have been very many, hi 
superseded the teazle ; it would be qtut« possible t 
form metallic hooked points quite as delicate and cei 
taiuly moio regular, but the homy elasticity of tl 
teazle has never been imitated. The secret of ii 
great importance is that it gives when necessary anS' 
does not tear the threads, hut only pulls out those' 
points which are not strong enough to resist That ii 
all which is wanted, and to do more is to serionelji 
iujui* the testure of the fabric. When it is desired 
to produce a fine quality of cloth, it now undergoei 
the process called hi»tering or decatting, which conais 
in winding the web tightly but very smoothly on ■ 
iron roller. Great care must be taken in T ' 
tion, for if any wrinkles are made, they will leave v 
disfiguring marks. When perfectly rolled, the clotl 
is put into water heated from 160° to 180° Fahrenheit 
and kept immersed in it for sis or eight hours, a 
which it is taken out and allowed to dry on the rollera 
This operation is repeated eight to ten times and ocoa'! 
pies altogether about a fortnight. These, generally 
are the processes by which wool is converted into 
woollen cloth, though they are varied by difierent 
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f rasuTifactnrGrB and for difTerent qualitiea of cloth, some 
of which waat loss careful manipulation, whilst others 
agaio require additional proceBses, such as double 
Bulling, Lot-preBsing, &c. 

In treating the long wools by comhing, an entirely 
different arrangement ia necessary from the very begin- 
ning, at least as soon as the wool is washed, willowed, 
and dusted. Even in the lost-mentioned process the 
difference of preparation begins^ for care is taken not 
to moke the wool too dry, as that would give it a 
tendency to curl, which, though very desirable with the 
Bhort wool, is not bo with the long. In this state it ia 
taken to the " preparing machine," into which it is fed 
in the same way as in the carding machineS' It passes 
through a series of three " gill-hoxes," the " gills " 
consisting of rows of steel tooth set with great regu- 
larity. The teeth are strong, and about It inch high 
in the first set, but they are finer and closer in each 
sncceeding " boi," so that tbo wool is disentaiigled 
and roughly parallelized, and thus prepared for the 
more perfect combing which it has to undergo. It 
iasueB from the "preparing machine" in a continuous 
aliver, which falls into and is coiled in tall tin cylin- 
dere, or " sliver cans," about 4 feet deep and 10 inches 
in diameter. When filled, twelve of thcHo slivers are 
taken to a fourth or finiahing " gill-boi," and being 
placed in a row, the ends of the twelve slivers are 
passed into tho machine and then through the gills of 
the finishing has, forming one united sliver. Then 
twenty of these " finished slivers " are similarly placed 
ti tha combing machine, the tBohnioal aaiaa A ^\q>3i^ 
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is '* Lister's Nipping Machine." This reall j wonderful 
contrivance, the invention of Mr. S. C. Lister, of Brad- 
ford, in Yorkshire, is one of the most remarkahle 
inventions of modern times. It does the work of at 
least fifty men or hand-combers, and, what is still more 
remarkable, does it much better. It has consequently 
entirely superseded hand-work, and has given a de- 
velopment to the trade of the neighbourhood in which 
it was invented, which has placed it in the foremost 
rank for worsted manufactures, and has added to the 
general wealth of the country to an enormous extent. 
The " Lister Nipping Machine " is a circular revolving 
frame, into which the ends of the slivers are drawn, 
and, by a series of operations, which can only be really 
understood by watching the machine itself when in 
motion, are pulled into tufts which are perfectly 
combed, while the noils are also separated in such a 
manner, that they are rendered available for the card- 
ing machines in the best possible condition. The 
'* Lister '' is an automatic machine of such wonderful 
construction, that it would seem to those who have 
watched its operations impossible to improve upon it, 
nor has this yet boon done in the case of long-wool 
combing. The requirements of the worsted trade, 
however, which produces such an endless variety of 
fabrics, demanded a machine which would also comb 
short wools, and this has been furnished by Mr. Noble, 
whoso machine, working side by side with that of 
Mr. Lister, was seen by many thousands in the Anmn^ l 
International Exhibition of 1871, when both excited 
great surprise by their wonderfully perfect operations. 
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Prom both of these macliinos b. continuoue eliver ie 
deliyereil, which either passes through other " gill- 
boies " for mote complete " finishing," or goes at once 
to the " dniwing frame," to be drawn out to greater 
tenuity ; and afterwards to tlio Bpinning framo, to be 
spun into yam ready for the weaver. 

I have now briefly, and it is hoped intelligibly, 
sketehed the methods by which the qualities of wool 
are dealt with in order tu jwoduce the two leading dis- 
tinctions in the cloth trade. The varieties of fabric 
are almost innumerable, and are perpetually varying 
iwcording to the changes in fashion, though there are 
■ certain number of fixed kinds which aie mentioned 
below for the information of those curious in such 
matters. 

Thus of woollen cloths we have : 

Doedcins, which hitherto have been hand-woven, and 
are stout and firm, milled in the new milling machine, 
and well dressed on the face. In the arrangement of 
the loom, seven threads of the warp come up to the 
face, whilst twelve threads of the weft fall to tho back, 
forming what is technically called a soven-harness- 
eloth. 

Coifimeres and KeTsei/mereg differ from the last only 
in being lour-haruess, that is, four instead of seven 
threads in warp and weft ; and in the case of the 
keiseyneres, the web being subjected to an extra 
" milling," which renders it mere compact. 

fiTatarus^ ribbed cloths^highly dressed, lustrod, and 

!tians. — 'Woven as twills. 



hot-pressed. 

wL 
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Meltons, — Stout clotbs not dressed or finislied except 
by paring, an operation which is not done equally on 
both sides, the upper or under, as the case may be, 
being more or less finely pared down. 

Beavers, — Also stout cloths with only the face pared ; 
these are also milled, until they are hard and very 
compact. 

Deer-shins, — This cloth is somewhat like Venetian, 
but has thinner ribs and altogether a thinner texture, 
owing to the use of a yarn for warp and weft of equal 
or nearly equal thickness. 

Diagonals, or Fancy cloths, with, as the name implies, 
a sort of lozenge pattern woven in it, or stripes cross- 
ing each other at very acute angles, varying much 
according to the fineness of the lines and the size of 
the lozenge formed by them. 

Bedford Cords, — Usually drab-coloured ribbed cloths 
of great strength and durability. 

Tweeds are cloths woven of short or medium wools, 
but very lightly felted, and are mostly of Scotch 
manufacture. 

Of worsted cloths, the following are well-known 
varieties : 

Says are amongst the oldest of our worsted fabrics, 
which was alluded to by Shakespeare in * Henry VI., 
Part II.,' " Well, he shall be beheaded for it ten times. 
Ah, thou say, thou serge, nay, thou buckram lord I " 
It is still manufactured, and in black wool or wool 
dyed black, and is used for clerical and academical 
vestments. 

Serge, also alluded to in the above quotation, is still 
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eitenBiTely luannfactiited, although it originally meant 
a kind of blanket, from the Spanish term Xerga, a 
woollen blaokot. 

SatUeia, plain, figured, and mixed or melatiget, are 
thin lightly-woTon cloths fur iadiea' dresses. 

Be'pg are heavier, and from the method of weaving 
have a traiisverBe ribbeil appearance, 

Cmrd» resemble reps, but the ribs are longitudinal. 

Moreens, formerly Moireens, are watered cloths. 

Mermoa, finely woven cloths, origianlly made from 
the fine Spanish wool called Merino, from its having 
been raised under the inspection of the MaioriTia, or 
major superintendent. 

Paramattag. — Fine cloths originally made from 
Paramatta wool with silk warps, though now woollen, 
aro more generally used. 

Camlets aro fine thin plain-woven cloths, formerly 
macb worn in this country. They are of great anti- 
quity, and derive their name from having been miule 
of camel'a hair, the European camlets being imitations 
of oriental fabrics ; as also the — 

DamaelcB, called after Damascus, whence they ori- 
ginally came. In all probability, however, thoy were 
silk fabrics, which in our leas luiurious country wero 
imitated in wooL 

Shalloon, from ChalonB, the place of its original 
foodnction, also ranks amongst the most anoient ma- 
nufactures of wool, and is thus alluded to by Chaucer: 

With Bhetea and with cLaluunua fiiira y-apredde." 

se thin cloths made with hiu:d-!i^aiv -^&-ra»„ 
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Although these varieties of worsted cloths are 
nsoally of wool only, they are often made with 
cheaper materials for the warp, such as cotton. The 
following, on the contrary, are most generally made 
with cotton warps : 

CrapeSy made in imitation of the silk fabrics of the 
same name, are passed through rollers, which give the 
crimped appearance to the surface of the webs« 

Cohurgs, or Cobourgs, as they are sometimes called, 
are thin twill-woven cloths. 

Tammies^ originally made all of worsted, or ettame 
in French, whence they derived the name, are now 
made of wool with cotton warp. They are highly 
glazed and dyed in bright colours, and they are still 
favourite fabrics, although amongst the oldest made 
in this country. 

Delaines are light fabrics for ladies' summer dresses, 
originally called muslin de laine, or muslins of wooL 

Lasting, a firmly woven cloth of hard-twisted yam, 
used for ladies* boots chiefly. 

Orleans Cloths are plain- woven cloths, in which thin 
cotton warp and worsted weft are brought to the sui^ 
face in regular alternate order. 

These are a few of what we may call the leading 
types in woollen and worsted fabrics, but their varieties 
are innumeniblo and beyond the power of description, 
for they dejiend upon the fancy of the manufactureis, 
and often are so nearly alike that the name is the only 
difference. No true classification of the kinds of our 
textile manufactures has ever been attempted, although 
it would, if correctly done, be a most valuable record ; 
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and therefore all attempts to give detailed descrip- 
tions of the products of our looms are attended with 
difficulty and a want of satisfaction to both ^Triters aad 
readers. It is remarkable that a country like oars, 
more dependent than any other on its mannfactiires, 
has never yet attempted a systematic history of them, 
wLilet every Continental state having a polytechnic 
school ha« made praiseworthy efforts in this direction, 
and has Btimu]at«d its lesmed men to produce valuable 
treatieos U2>en those enbjects. 

My remarks have so far been confined to the manu- 
faotnTB of sheep's wool, but since the year 1830 another 
material has attained an immense importance in onr 
worsted trade, or rather, I may say, two materials, for 
tbey have gone hand in hand, viz. alpaca and mohair. 
The introduction of the first, and the immense benefits 
tbat it has confeiTcd on the mannfacturing interests of 
this country, are entirely duo to the sagacity and per- 
severance of Sir TitDS Salt, Whose vast additions to our 
wealth and industry have been only slightly acknow- 
ledged by the title bestowed npon him by the Govern- 
ment, but largely by the high appreciation in which 
be is held by his grateful countrymen. Before ho 
undertook the difficult task of combing such an ap- 
parently intractable wool as that of the alpaca, others 
bad tried anii failed, but he conquered every obstacle ; 
and if no other result had been obtained than the 
erection of the princely manufactory of Siiltaire, with 
■ its busy workers and its vast machinery, it would 
bare beca an immense triumph, for it lias given 
mnlee far and wide. Aided by Mi. Ijatarf^t 
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wonderful ingenuity, works have sprung up in all 
directions around the parent one, in which the long 
fibres of the wool of the llama,* and its allies 
the Alpaca, Guanaco and Vicugnia, together with the 
wool of the Angora goat, are worked with as much 
ease as that of the sheep, producing delicate fabrics 
which are in demand all over the civilized world. 
Although the four species of Auchenia are men- 
tioned, if indeed they are true species (which many 
naturalists doubt), only the wool of the alpaca is used 
to any great extent in our manufactures, the others 
being only occasionally employed. The fabrics made 
from them and from the Angora goatf are amongst 
the materials of our looms which almost rival the 
products of silk, and are especially adapted by their 
lightness for wearing in hot climates, giving rise con- 
sequently to a great foreign trade. 

But there is another application of wool to which 
only a slight reference has been made, namely, the 
manufacture of felted cloth, which has lately been 
brought to such perfection, that for many purposes it 
is a rival to the woven fabrics. This is principally 
carried on at Leeds, where the works of the Patent 
Cloth Company turn out large quantities of fine felted 
cloths for table-covers, druggets, upholstery, cloths, 
and even for ladies' woollen jupons. The process of 
manufacture is Interesting. First, the properly washed 
and cleaned wool is passed through an immense carding 

♦ Auchenia lama; Auchenia Paca; Auchenia Guanaco; 
Auchenia Vicugnia. 
t Capra hircua. 
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I machine, whicli delivers it in a sliver eevoral feet broad, 
I but not much thicker than a. oobweb, and this is re- 
oeived and woimd on a roller, until a aufficient length 
I had been obtained. Then a number of these rollera 
are placed in another machine, in which they are made 
to unwind the elivers and deposit them one over 
another, until a lap of the rec|uired thicknesa is 
formed, this hoing often an inch, necessitating a great 
number of slivera. This lap is then made to pass 
through a scries of wooden and tin rollers a 




The upper ones are of solid wood, the lower of tin, 
hallow and filled with steam, and aU placed in a long, 
flhallow, hut broad trough of hot water. The lower 
rollers simply revolve on theii' axes, but the wooden 
ones, besides this motion, have a slight movement from 
side to side, which causes them to rub the lap of slivers, 
and induces the fibres of wool to combine and felt 
together as they are carried along by the revolutions 
of the two seta of roUers, the heated water greatly 
helping in the operation. In tbe end, what went in 
ae a thick sheet of wool, like wadding, comes out a 
compact thin eloth, in some instances as fine in appear- 
ance as a kerseymere, which, after being dyed or 
piiated, is teutered and pressed, and is then ready fui 
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sale. This process admits of very inferior wools and 
the noils of wool, and even of flax, being mixed and 
mode into low-class cloths for druggets and other 
coarse materials. 

There is another phase in the manufacture of wool 
which must not be omitted, as within a very few years 
it has attained to immense importance in England. I 
have shown the microscopic structure of wool, and if it 
is borne in mind that no amount of wear can entirely 
remove either its scaly or curly structure, it will then 
be seen that if we imwcave mere fragments of cloth, 
and reduce them again to the condition of wool, we 
can respin, reweave, redye it, and bring it out again 
as a now material. If the rags so treated are those of 
woollen cloth, they are called mungo, and if of worsted 
cloth, shoddy; and to show the importance of these 
materials, formerly considered valueless in the trade 
of the country, we imported from abroad, besides care- 
fully collecting and utilizing our own rags, not less 
than 24,827 tons in 1872. Thii'ty years ago the rag- 
pickers who collected linen rags for the papermaker, 
carefully rejected every particle of woollen or worsted 
cloth, but now they place quite as much value upon them. 
There is a popular prejudice against the employment 
of these materials ; but so well are they used, and such 
fine goods are made from them, that not one in a 
hundred thousand of those who wear them have the 
slightest suspicion of their origin. Instead of a dis- 
grace to our manufacturing industry, the employment 
of mungo and shoddy is a credit to the age, for waste 
is a sin against the present and future generations. 
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1 after the conversion of these raga into a really 
escelleDt materia], there is a cortain muonnt of brokeo 
fibre which cannot bo woven ; nevertheless it has itB 
nses, and is dried and pulverized, or brought into such 
a condition that it can be used hy the manufacturer or 
printer of wall papers in the form of JloiJc, so that 
practicallj' nothing is lost of this valuable product. 

The extent to which the trade in wool and its mano- 
&cture has increased in Great Britain can only be 
fairly estimated by a reference to the past. Thus, in 
the first quarter of the twelfth century England not 
only raised enongh wool to supply her own wants, but 
e^orted what were then considered large quantities 
to other countries, and chiefly to Flanders. Now, in 
ftO probability, although sheep have increased a hun- 
dredfold, we are so far from being able to supply the 
vrants of oar manufacturers, that we iinportod in the 
year 1873, 313,496,742 pounds, of the value of 
18,983,870/. 

Sncli ore tho mutations of trade, and sach ore the 
wonderful reatilta of industry, unfettered by laws mode 
vithout a full knoivledge of the true principles of 
political economy. In 1128 fines were levied on the 
export of wool, and smuggling out wool was a thriving 
business ; whilst now it comes freely in or goes freely 
out, according to the fluctuations of tiado, and pro- 
duces more millions of wealth to the country than it 
{hen did liundi'eds of pounds sterling. 
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FLAX. 

By W. T. Charley, D.C.L. (Oxon.), M.P. 

The name, " flax," is applied indiscriminately by Dr. 
Johnson to the flax plant, and to the valuable flbre 
which it yields prepared for spinning. The flax plant 
belongs to the natural order Linacece, and in virtue of 
its commercial uses is styled by botanists, Linum usita- 
tissimum, and its seeds produce linseed oil and linseed 
cake. The stem of the plant consists internally of the 
woody shore or boon; externally, of the fibre from 
which linen is made. Chemically analyzed, the flax 
plant is composed as follows: Organic matters, 41 • 97 per 
cent. ; water, 56 • 64 per cent. ; ash, 1 • 39 per cent. The 
farmer, who wishes to make a profit by the cultivation of 
flax should be careful to select the plump, heavy, and 
shining seed of the best and purest brand that can be 
procured. The seed best adapted for Irish soils is 
Eiga. By selecting low-priced job lots, the fiEurmer 
may effect, indeed, an immediate saving, but is certain 
to incur the risk of ultimate loss, if not min; for 
the most skilful husbandry cannot produce a good 
crop of flax from impure seed. The finest seed 
having been obtained, and sifted from all impurities 
through a wire sieve, equal care must be taken in 
the choice of a suitable soil ; the best is a nice dry 
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loam, not too L'gLt nor yet of a. clnyey nature, as nearly 
as poBsible of uniform qnality, bitth a,B to tiltti ruid the 
1 componuds whieli it contains. lu nuted flax 
boUb, both at home and abroad, silica bas been found 
to predominate, in proportions varying from 60 '94 to 
83 "93 per cent. Lime, alumina, and iron bavo also 
been invariably present, tbougb in very small qtuinti- 
ties. In Ireland, wbcre tbe cultivation of flax is 
carried on npon a mucb larger scale than any- 
where else in tbo United Kingdom, the following 
rotatioa of crops boB been proved by eiperience to bo 
the beet : First year, grass ; second, oats ; third, 
potatoes and turnips ; fourth, wheat ; fifth, flax, clover, 
and beans. On poor lands flxx is often sown with 
advantage after potatoes. If this rotation be observed, 
and the sanio soil bo not cropped with flax oftoner than 
onca in from six to ten years, it vrill bo found by the 
fanner not to be aa exhausting crop, but quite the 
revsTBG, fur it will ba in reality an extra crop grown 
without manure. If grown oftenor than once iu six 
years, manure should bo nsod, whilst thorough drainage 
and early ploughing of the wheat stubble are essential 
to anccesa. The latter should be ploughed once or 
twioe in February or early iu March, if the soil is 
light, in autumn and again twice in spring, if it is Btiff 
or heavy. In April it should be well harrowed, to 
free it from lumpa, and picked clean of weeds. Deep 
I tillage is recommended, to enable the roots of the plant 
to penetrate in search of nourisbinent, and acquire 
I BufGcient vigour to sustain so tall a stem. The sur- 
^^ft|^f the ground should be made as ovon «a ^uitidXiUi^ 
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to ensure nnifomiity in tlio lengtb of tbe BtemH, After 

harrowing tho soil anil froomg it from weeds, tte e 
should bo Bown up and down (not acrosa) the ridgA; 
(or rig) at the rate of a Itigd barrel, or three-and-a-hal^ 
borrclfi per Irish acre, equal to two (or two-and-a-haIf)| 
buahcls per Btatato acre. The quantity mnet, howeTei', 
to Bome extent depend upon the kind of crop that th« 
farmer dosiroB to obtain. If he wifiheB for a large yieldF 
of Buparior fibre, ho should sow rather a full quauti^j 
if a large yield of bolls or seed capsules, he should Bi 
rather sparingly. The seed when eown ehould lie in 
thoroughly dry, deep, and clean hod, about one inch heloW 
the surface, and should be covered in by pasBing ovet 
the ridge (or rig) a fine seed-harrow, once up and dowi 
and occe crosswise, aud a light roller. When 
plant bos reached the height of five or six isc 
the surface of tho soil, it must be carefully freed froR 
weeds, tho weeders working with their faces towarA 
the wind, bo that, as they pass on, the plant may baV 
its assistance in regaining its upright position. ' 
kneea of the weedera ahoidd rest (as in Belgium) iipoi 
a cloth or straw mat, and they should always press tJ 
atema in one direction, as if these get twisted, the c 
will he spoiled. 

When the flax attains its full growth and approachelt 
maturity, its tall and elegant stems of soft green hns 
are surmounted by a corona of delicate braneheB, ei 
branch Biipporting a bright blue flower. A field of flj 
in full bloom, agitated hy the passing breeze oi 
day, is a very pleasing object. Not even the ' 
happj barley," with its lustrous golden tints 




3 the landscape. In a few weeks the 
it flowers fade and fall off, to be succeeded by rough 
ir capaules, full of seed. The flax-seed which 
iH saved at home should generally be nsed for feeding 
cattle, orbe sold to the oil mills, the',Biga flax seed being, 
as already stated, preferable for purposes of reproduction. 

As in this article the flas plant is considered solely 
in its relation to the manufacture of linea, of which its 
fibre forms the raw material, the attention of the reader 
will be invited to those processes of treatment which 
have for their object not so much the preservation of 
the seed as tho production of a superior fibre. The 
farmer who aims at the production of a superior fibre 
most pull the plant before it has attained its full matu- 
rity, i.e. after the stalk, to the extent of two-thirds of 
its height, Las become yellow, and while the bolls or 
seed capsules are changing their hue from green to a 
pale brown, A fi.ne day should be selected for tho 
process of pulling, which requires to be very carefully 
performed. Where the stems of the flax are of different 
lengths each should be pulled separately and kept 
eepamte. as should also stems prostrated by tho wind or 
Eatumted with rain. If there is much second growth, 
the longer sterna should be grasped by the pnller just 
under the bolls, leaving the short stalks behind, and 
the lower ends should be kept in all cases perfectly 
even. The hondfuls of pulled flax will bo laid across 
each othei', so as to remain distinct. 

The next process is tho rippling, which ought to he 
carried on in the same field ; the ohjtct being to 
gt^ftebolle^^ or seed capsuleSj fiom the fttama. 
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Flax shonld be rippled as soon as polled. The ripple 
is a kind of large comb oompoised of iron teeth set 
in a wooden frame, wliicli is screwed down to the 
centre of a 9-fcet plank resting on two stools. The 
ripplers may either stand, or sit astride, at opposite 
ends ; and a winnowing sheet is placed nndemeath on the 
ground to receive the bolls as they are rippled off. The 
ripplcr seizes a bundle of freshly pulled flax about six 
inches from the root with one hand, and with the other 
he spreads out the tops like a fan. He first draws one 
half through the ripple, and then the other, though 
sometimes the entire handful is drawn through at once. 
He then lays the bundle, from which by this process 
the bolls have been separated, down at his left side, 
crosswise, to be tied up in sheaves and removed. 
Each pair of ripplers should be seated, or stand at 
such a distance on either side of the comb, as to be 
able to strike it alternately. Flax should not be 
rippled severely. It is better to leave some of the 
seed on, than to run the risk of bruising or splitting 
the delicate fibres about the top of the plant. 

The next process is that of steeping, " retting," or 
watering, which occupies from ten days to a fortnight. 
The object of it is to dissolve, by means of fermenta- 
tion, the gummy or resinous matter which holds the 
woody and the fibrous portions of the stem together. 
Pure soft water is the best for this purpose, as water 
impregnated with iron or any other mineral is very 
prejudicial to the flax. The size of the steeping pool 
may vary from 6 to 18 feet in breadth, and from 3^ to 
4 feet in depth. A series of steeping pools is gene- 
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lall^ cnt senr a floning river, and so arranged as to 
admit water, wlien required, at one end of eiich pool, 
wliich eliuuld if possible be cnt in stiff, clayey soil, as 
it is the most retentive and tbo cloanost. An open 
spot is prefeiable to one shaded by trees, as tLo loaves 
and bark in falling off may stain the flax. The flax 
shonld be placed loosely in the pool, iii regular rows, 
rather slo^icd, with the root esds downwardn, and a 
layer of rushes shonld ho placed immediately above 
then, followed by tough sods, cut thtu, and fitting 
closely into each other ; straw is sometimes substitnted 
for Bods. On the top of all some stones should be 
placed, to keep the flax firmly under the water. As 
the fermontation proceeds, the superiucumbeut weight 
should be iucreased. As soon as it is found that the 
woody ehore separates freely from the fibre on break- 
ing the Etem in tivo plaees about G inches apart, the 
fermentation has proceeded long enough, and the flax 
is ready for removal from the pool, tho only proper 
way of doing this being fnr the men to stand in the 
water and carefully hand it out. The system of run- 
ning off tho water injures the colour and quality of the 
flbro, as it causes tho scum and dirt of the pool to 
settle among the plants. Tho flax water poisons the 
river, and destroys any fish that may be in it ; but its 
value as a liquid juanni'e, which contains almost every 
ingredient that the plant has absiirbed from the soil, 
is atteeted by the most eminent chemists, and ought to 
be B sufficient inducement to tho farmer to preserve it 
as the speediest restorative for the flax ground. 

The next process is that of " grossing," or spreading 
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the flax, which occupies from a week to a fortnight. 
Short, clean, and thick meadow land is the best for this 
purpose, and the flax must be spread evenly and thinly, 
so as to secure the full benefit of the sun and air. 
After a few days' exposure, it must be turned with a 
alight rod (about 8 feet in length and 1^ feet in dia- 
meter), so that both sides of it may be bleached alike. 
When flax is grassed without steeping, as it is in 
some parts of Germany, the grassing is called dew- 
retting. 

The next process is that of lifting. If the woody 
part is brittle and breaks easily, separating from the 
fibre, the flax is ready for lifting, in which great care 
must be t^ken to keep the lengths straight and the 
ends even : and when lifted, the flax should be allowed 
to dry for a few hours, and then be tied up in small 
bundles and stacked like grain. All artificial means 
of drying should be avoided, such e. g. as kiln drying 
or drying by fire ; indeed, exposure to the sun and air 
in some dry and open position is the only safe system 
of drying. 

The last process to which the flax plant is subjected 
is that of breaking and scutching, which can be effected 
either by hand-labour or in a scutching mill driven by 
water power. In hand-scutching, the flax is first 
broken by threshing it with a wooden mallet. The 
sheaf of flax is then opened and spread on the bam 
floor, the roots all pointing in \;he same direction. The 
scutcher, placing his foot on the flax to keep it steady, 
threshes it first on one side, and then, turning over the 
fiheaf^ upon the other, conmiencing always to thresh at 
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the root end. It is nest bung through a niche in an 
upright hoard, and is struck repeatedly with the blade of 
a scutdhing knife, until the fibre is completely cleaned. 
The proeesa analogous to threshing by iho mallet in 
hand-BCutching is performed in the scutching milla 
by passing the flax between two rollers, which bruise 
the woody part of it so completely as to facilitate the 
after-cleaning. During the latter process a horizontal 
abaft, with wooden blades attached, perforniE the duty 
of tho man's aim in hand-scutching ; the shaft revolves 
and the blades penetrate the flas-straw vertically, 
splitting it, and cleaning the fibre. The more efiec- 
tnally the woody part of the flax is bniiBorl and broken 
by the rollers, tho less time need be spout in exposing 
the flax to the action of the scutchiog blades. 

The prices realized by hand-scHtehcd flax in tho 
Ulatcr markets vary from Gs. to Ds. Cd. ; by raill- 
Bcntched flai, from 7s. Gd. to 13s. d/l. per stone of 
IGJ lb. The profit per statute acre gaiccd by flax 
cultivation varies greatly. In some cnsea it Las only 
been 31. ; in others it has reached 15i. per acre, after 
deducting all expenses. The reduction in the price of 
linen goods during tho present ctntury ia owing en- 
tirely to the improvements that have been effected in 
flie manufacture, and not to any reduction in tho cost 
of the raw material. Any considcrablo consolidation 
of farms on the part of Irish landlords must necossaiily 
dindniBh the supply of home-grown flar. It ia essen- 
tially tho small farmer's crop, sown by himself, and 
weeded, pulled, steeped, grassed, lifted, and oven 
j^d by his wife and ebildxen, for whom, theaa 
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occnpations form a light and agreeable kind of hand- 
labour. 

The consumption of flax in the Irish linen mann- 
facturo exceeds 100,000 tons per annum, while the 
entire produce in Ireland has never exceeded 64,506 
tons (18G4), and it has sunk as low as 12,929 (1871). 
The largest percentage of acreage under crop in Ire- 
land was in 1864, when the percentage of acreage 
under flax to acreage under crop generally in that 
country reached 5*31. The percentage had steadily 
risen from 1*55 in 1858; but since 1864 it has, with 
slight fluctuations, been steadily decreasing, the figures 
being— 1865, 4-45 per cent.; 1866,4*77; 1867,4*64; 
1868, 3 -71; 1869, 4*11; 1870,3*45; 1871,2-79; 
1872, 2*22. The acreage under flax in Ireland in 
1864 was 301,693; in 1865, 251,534; in 1866, 
263,507 ; in 1867, 253,257 ; in 1868, 206,446 ; in 1869, 
229,178 ; in 1870, 194,893 ; in 1871, 156,883 ; in 1872, 
122,003. The acreage under flax:, however, is not al- 
ways an accurate guide to the produce, the yield per 
acre varying considerably in different years. Thus 
in 1853 the yield per acre rose as high as 40 stones, 
3 lb., while in 1871 it sank as low as 13 stones, 
3 lb. In 1871, 156,883 acres produced only 13,612 
tons of flax, while in 1872 122,003 acres produced 
18,920 tons. Thus, while the total acreage diminished 
22 * 23 per cent., there was an increase in the aggregate 
production of 38*99 per cent. The acreage under 
flax in England is very small, and has shown a ten* 
dency also to decrease. In 1870 there were 22,354 
acres under flax in England ; in 1871, 15,949 ; in 18729 
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14,011. ■ A Bimilar declension is obsorvablo in Wftlea, 
where the acreage under flai is also very small. In 
1870 there were 204 acres under flan in Wales; in 
1871, 175 ; in 1872, 84. In Scotland there were 1399 
ftcres tinder flax in 1870; in 1871, 1244; in 1872, 
1262. 

ParliRmcnt, in the earlier pert of the present cen- 
tnry, gave an annual grant of 9250i. to encourage the 
growth of flas in Ireland. The grant ceased in 1828. 
A grant was subsequently made for the same object 
to the "Joint Flax Committ«o," formed in 18(>4 of 
the Eojal Dublin Society and the Hoyal Agricultural 
Society of Ireland; but it was withdrawn, find the 
"Joint rias Committee" ceased to exist in 1871. 
The Royal Flax Improvement Society of Ireland was 
estahlishcd in 1841, under the patronage of Her 
Majesty and Prince Albert. Tlio Lord Lieutenant of 
Ireland was Vice-patron, and tho Marquis of Down- 
shire, President. A staff of instructors was paid by 
the Government to vinit various parts of the country, 
and give advice gratuitously to landowners and far- 
mers on the best method of cultivating flax. I» 1849 
the Queen and Prince Albert visited a Flax Exhibition 
held at Belfast, from which the Prince is thought to 
have derived the idea of tho London Exhibition of 
1861, The Eoyal Flax Society of Ireland ceased to 
exist in 1859. Its place has recently been taken by 
the Flax Supply Association for the Improvement of 
the Onlture of Flax in Ireland, formed on the model 
of the Ootton Supply Association of Manchester, and 
^^»M^ed over by leading linen merchants. It ag^io- 
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priates 200Z. per annnin to the distribntion of prizes 
for skill in the culture of flax. 

While the Irish farmer continues dependent on 
foreign countries for a supply of flax seed, the impor- 
tations of that commodity into Ireland will be viewed 
with interest. In 1872, 41,105 Eiga barrels (contain- 
ing 3^ bushels apiece), and 8125 Dutch hogsheads 
(containing 7 bushels apiece), together with 6682 
English sacks (containing 4 bushels apiece), were 
imported into Ireland. The total amount imported 
from England and abroad was 227,470 bushels, only 
about one-half the quantity imported in 1871. 

The supply of flax from the home markets being 
totally inadequate to meet the demands of the linen 
trade of Ulster, the merchants and manufacturers of 
that province turn with anxious eyes to the flax pro- 
ducing countries of Europe and Africa. The estimated 
production of flax in Russia in 1868 was 193,000 tons ; 
in 1869, 300,000 tons. In Holland there were in 
1869, 66,272 statute acres under flax, producing 13,921 
tons; in 1870, 60,520 statute acres, producing 8918 
tons. In Belgium there were in 1866 (the latest date 
with respect to which we possess authentic data) 142,612 
statute acres under flax, producing 29,582 tons. In 
Prussia, prior to the same date, there were throughout 
the eight old provinces, 346,300 statute acres under 
flax. In Austria proper there were in 1871, 253,730 
acres under flax, producing 44,523 tons. In Hungary 
the yield was 18,150 tons. The average acreage appro- 
priated to the growth of flax in France is 160,550 statute 
acres; the falling off since 1865 is 103,087 acres. 
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Egypt has attracted the notice of the Flax Supply 
Association of Ireland in recent years. About 15,000 
acres are sown with flax in Egypt every year. 

The reader who is desirous of acquiring some infor- 
mation respecting Chevalier Claussen's method of 
producing flax-cotton from flax, is referred to the article 
" Flax "* in the ' Encyclopaedia Britannica,' where will 
also be found d description of M. Schenck's method of 
" retting " flax by means of immersion in water, heated 
to 80° or 90° Fahrenheit, for sixty or seventy hours. 
Neither of these methods is now much in use. 

♦ The best authority on the subject of " Flax " is a little work 
by Mr. William Charley, of Seymour Hill, Belfast, published by 
Bell and Daldy, of London. 
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LINEN. 

By W. T. Charley, D.C.L. (Oxon.), M.P. 

Before describing the various processes by which the 
flaxen fibre is manufactured into linen, it may not be 
uninteresting to trace, as briefly as possible, the 
history of the linen trade. Flax is first mentioned, 
in connection with Egypt, in Exodus x. 31, and linen in 
Genesis xii. 42, Joseph, on his appointment to be viceroy 
of Egypt, being " arrayed " by Pharaoh in " vestures of 
linen." Job, who is generally supposed to have lived 
before the Mosaic era, complained that his " days " 
were "swifter than the weaver's shuttle." (Job vii. 6.) 
The accuracy of these allusions may be tested by the 
traveller in Egypt at the present day. The cultivation 
of the flax plant, the various processes for separating 
the fibre and dressing it, and the subsequent operations 
of spinning and weaving into linen fabrics, are depicted, 
with artistic skill, upon the temples and tombs of 
Egypt, as freshly as if they had been limned but 
yesterday, instead of 4000 years ago. The nations of 
antiquity which, next to Egypt, were famed for the 
products of their looms, were Phoenicia, Babylonia, 
Colchis, Greece, Italy, Germany, Gaul, and Spain, 
the four last-named being also flax-producing regions. 
After the fall of the Eoman Empire, the linen manu- 
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'ibctnte underwent a long eclipse. Ita reappearanoe, 
in the tenth centnry, was mainly dne to tho Flemings. 
In this century the town of Tpree, in Flanders, wrb 
built, and soon became celebrated for its manufacture 
of table-linen, now called " diaper," i. e. " d'Yproe." As 
early, however, as the seventh century, ladies of rank in 
England, and even Boyal Princesses, had acquired 
much fame by their skill in spinning, weaving, and em- 
broidering rich vestments for the Anglo-Saxon clergy. 
After thefTorman Conquest there was a constant immi- 
gration of riemish weavers into England, The weavers 
soon became so important a pitrt of the body politic, that 
they were incorporated into guilds by Royal CJiarter, 
The first mention of Irish linen occurs as far hack as 
the thirteenth century; but it was not until the close 
of the sevoateonth century, that it received the impulHe 
which led to ite becoming the staple industry of Ulster. 
The extension of the Iriah woollen trade escited the 
jeftlousy of the English woollen manufacturers, and in 
the reigns of Charles II., William III., and Queen Anne 
BQccesBive enactments ware passed by Parliament, pro- 
hibiting the export of woollen raannfacturos from 
Ireland. The Irish woollen trade was ruinod, bnt its 
min was the principal cause of tho rapid growth of thtt 
linen trade of Ulster. Tho competitors of the Irish 
linen manufacturers were to be found, not in England, 
but in France and Flanders r the English statesman, 
therefore, had every motive for encouraging the Irish 
linen trade. The bigotry of a French monarch was, 
next to the ruin of the Irish woollen trade, the cause 
«^tte prosperity of the linen trade of Ulstei, TW 



66 BRITISH MAXUFACT USING rSDUSTBIEa. 

Huguenots were the most indastrioug portion of the 
population of France, and their skill in the industriil 
arte enriched the nations that received them, i 
bor of French refugees settled in the neighbourhood o( 
Liaborn after the revocation of the Edict of NanteB,vr 
were skilled in the manipulation of flax and in the mai 
footore of linen. The most noted of these exiles waa 
Loois Crommeiiu, of St. Quentin, who was appointed b^ 
the British Government, " Director of the Linen Mann* 
faotnre of Ireland," His descendants, the Belacbertw 
Orommelins, are nnnibered amongst the eoiinty ft 
of the Northern Province of Ireland at the present day, 
A Board was established in Dnblin, called "Tbq 
Trustees for the Linen Mannfactures," a.d. 1711, 
busiueea of which was to encourage the linen trade a 
Ulster by the judicious distribution of u Parliamentary 
grant, which, commencing at GOOOi. per annum, em 
rose to 20,000(, per annum. Bounties were given it 
the increase of the growth of flax and the skdlftll 
preparation of the fibre ; for improvements in tbs 
implements used in dressing it ; for the distribution a 
flax seed ; and for the production of superior o[nalitiM 
of yam and cloth. The Board of Trustees continnejl 
to exist for one hundred and seventeen years, Th( 
Royal Flax Improvement Society was founded ia 1811, 
and existed for eighteen years. Its place has recentl]^ 
been ably filled by the Flax Supply / isooiation of 
Belfast. A Board of Manufacturers was l .tablishedftK 
Scotland, a.d. 1727, for the distribution of similar 
bounties, pursuant to the Act of Union. Of the 6000t 
paid to the Scottish Board, 2660^ was appropriated t 





tte enoowragement of the linen trade. Its first act 
waa to give orders for the eatablieliment of auliools alt 
over the country, but especially in the Highlands, for 
instmction ia the art of spinning at the wheel. The 
finctnatioos of the linen trade in Scotland afford a 
cnrionB illustration of tte fact that wherever the 
manufacture of cotton has progressed, that of linen has 
declined. Thus, out of 2,103,000 yards of linen 
etamped. in Scotland in 1727, Lanarkshire contributed 
272,000 ; out of 36,268,000 yards of linen stamped in 
Scotland in 1822 (the year before the abolition of the 
gcottiBh Board of Manufacturos), Lanarkshire cun- 
tribnted 22,869. The number of yards stamped in 
For&rshire rose, during the same period, from 596,000 
to 22,629,000 yards. The cotton trade being intro- 
duced into the West of Scotland, the linen trade 
emigrated eastward, Glasgow becoming the capital of 
the cotton industry, while the linen industry became 
the staple of Dundee. If Ireland had her Louis 
Crommelin, Scotland had her Nicholas d'Aesaville, 
also a native of St. Qucntin, whom the Scottisli Trustees 
invited over, with a little colony of weavers, imme- 
diately after the erection of the Scottish Bonr<l. The 
place where this little colony of French Protestants 
settled wa^ called " Little Picardy," and it is known 
at the present day as " Picardy Place." 

The Linen Hall in Dublin was the spot to which 
the Irish linen merchants formerly resorted to sell 
their linen fabrics. The introduction, however, of 
steam communication between England and Ireland 

Aan end to this centralized s^atem. IiLfih. mev^Wxitb 
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went OTor to London and MancheGter. and appointed 

BgentE there for tbo sale of tbpir goods. It i?, however, 
tlie cUBtom of many English bajere at the present Aaf 
to go over to Belfast, instead of Dublin, to make their 
purchaaes on the spot. 

Lisbum Brown Linen Market was formerly a famonS 
emporium for the Bale of brown linen. The hand-lot^' 
weavers purchased the necesaary yam, wove it at home 
into cloth and brought the work to market, where it 
was purchased by the merchants and bleachers or their 
agents. Brown linen markets existed in many of ths 
principal market towns of Ulster as well ae in Lisboni. 
Seal-nittBtorB were appointed by the Irish Linen Boards 
who inspected the brown linen cloths and affined theis 
seals to it ; and if it was found imperfect after having 
been " scaled," the bnyor could recover compensatiaQ 
&om the seal-master, who had his remedy against t! 
weaver. Now, however, this system is wearing oi 
Inetead of petty dealers tlicre are extensive man 
facturers, buying iram the Bpinnera linen yarn, ai 
each weaving by power-loom a quantity of cloth equ 
to the produce of one of the old markets. The lini 
mills of Belfast have contributed greatly to the enc 
mous increaee of the population of that thriving coi 
munity. It is now the second town in Ireland i 
population, and the first in the number of its | 
liaraentary electors. 

From the period of the introduction of the cottn 
manufacture into England, in the early part of t 
seventeenth ccntuiy, down to the year 1773, the weft, ( 
transverse threada of the web, only, were of cottt 
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narpa or longitudinal threads being wliolly of linen 
yarn. The invention of the spinning jenny in 1767 and 
of the spinning frame in 1770 obviated the ueceasity 
of naing linen yarn for warp. Since 1773 calicoes and 
other cotton fabrics baTO been made wholly of cotton, 
and King Cotton has reigned siipreme in England. 
The linen trade has, however, fitmly establiahed itself 
in Leeds, whore the epleiidid flax mills of the Marshalls 
riTal those of the Baxters of Dundee and of the Mul- 
hollands of Belfast. Indeed Torksbiro as long ago as 
183S possessed 91 flax mills, ofwbicb 40 were situated in 
Leeds. In 1862 the flas factories of England employed 
20,306 hands; ofScotland, 33,599 hands; and of Ireland, 
33,525 hands. The number of spindles in England 
was 344,308 ; in Scotland, 279,385 ; in Ireland, 592,981. 
Power-loom weaving was first thought of in 1678 
by M. Gennea, a French naval of&cer ; it was applied 
to the weaving of cotton yam by the Eev. Dr. Cart- 
wright, a Cbnrcli of England clergyman, in 1785 ; bat 
it was not till tbe year 1812 that the first really suc- 
cessful manufactory for weaving flaion yam by power 
was establiEbed by Messrs. Charles Turner and Co., of 
LimehonsB, London. In 1821 power-loom weaving of 
flaxen yam was introduced into Scotland ; but it was not 
firmly establiebed in its present great Scotch erapoiium, 
Dundee, till 1836, when Messrs. Baster, Brothers, and 
Co., who now employ more power-looms in the mann- 
&cture of linen fabrics than any other firm in the 

• world, built a linen factory containing 216 power- 
looms. Belfast contains many splendid power-loom 

j^im^^torieB ; and as long ago as lS59,thexft ^«,v. 



70 URITISn MASVFACTURISG fSDUBTHrES. 

3633 power-WtQB at work in Ireland upon the mann- 
fiifituro of linen fabrics. Thi<ra are many circitmstanoeB 
which would seem to indicate that, while the days of 
progresB in power-looms have imqnestionably set in, 
those of docadenco in hasd-looma give wamiBg 
approach. 

The various snbjects oonnectetl with linen fabrics 
naturally divide themselves into four beads : tpaming, 
weaving, hleafhing, and prinling. Tbe first process in 
the ipinninff mill is the rough torling. This is done by 
the hand, and the handfuls (or "pieces," ns they 
called) weigh about one-eighth of a pound each. Tbs' 
finer fiax is then subjected to a process of cutting) 
which is omitted in the case of Biga fias intended for 
coarse yams, low-priced milled Irish, and all hand- 
scutched flax. The iMllinrj machiite contains a oircolar 
saw, about 20 inches in diameter, conatrncted of three 
or four plates of ateel, each about a quarter of an inch 
thick, and armed with angular teeth projecting ftom 
their circimaference. Tbia eirciilor saw revolves with 
considerflblo volocity. A boy gi'iispiug a handfol of 
Ikx firmly at both ends passes it between two pair of 
grooved pulleys, which revolve slowly on either side 
and carry it against the saw, which tears oflf first the 
root end and then the top of tbo Bt«m from the middle. 
The flax is thus divided into three lengths: the coorse 
and strong root ends, the fine and strong middle, and 
the still finer but less strong tops. The three lengths 
ai* collected into separate heaps, "atricks," or "locks," 
of which there are 300 or 400 to the cut. 

All Mads of flax ore subjected to the process of 
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iecUing, or hackling. Flai may be either Land-lieufeled 
e-heckled. The operation of Land-Leckling 
requires much experience in order to attain dexterity. 
The firet tool used by the workman is the " ruffer," 
which is a rude kind of comb, eonsiating of a tin- 
ooTBred stock of wood tbree-quarters of an inch thick, 
etnddsd with iron or steel teeth. E^ach tooth is about 
» quarter of an inch sq^uare ut the base, uud 7 inches 
long, and tapers to a fine point. The stock is screwed 
to a board a little broader and EOme inches longer than 
itself, which again is fixed to the heckler's bench slant- 
wise, the points of the teeth incliuing from the heckler. 
A eloping board, at a EtUl greater inclination, is placed 
behind the teeth, to prevent the £ux from entering them 
too far. The heckler grasps one of the handfuls of 
flax by the middle, spread ont as flatly as possiblo, 
between the forefloger and thumb, and winding the 
top end about bis tight hand to prevent it from slip- 
ping, ho proceeds by a circiilar siveep of hia band to 
loeh the root end of the flai into the teetJi of the 
ruffer, commencing ae near the extremity as possible, 
and gradually working up to his right hand, collecting 
now and then the fibres by holding his left hand in 
front of the rufTer and turning the fiax from time to 
time. When the heckler has ruffed the root end, he 
fleizes the flax by the part that baa been ruffed, and 
proceeds in a similar manner to ruff the top end. As 
it ia impoBsible to rulF entirely up to the band, there 
must, of necessity, be a certain space loft to be sub- 
seqnently passed through the ruffer ; this is called the 
"flbift"; but the less length that is required for this 
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parpose the belter. The neit tool nscd by the woA- 
luan is tbe " common eight," which is similar in foim 
to the rufler, oscept that the pins are nrnch cloeer 
placed and arc not more than 5 inchee long. The fiu 
18 not wonnd round the hand, bnt is laid upon the back 
board with the left hand, over the points of tbe pins, ■ 
Blight loweriog of the right baud and the angli 
iDclinatioD of tbe instrument causing it to enter the 
pins Eufficiently on being drawn fornaril. From thft 
" conunon eight " the flax can be taken to other toola, 
rolled the " fine-eight," the " ten," the " twelve," and 
the " eighteen," to be etill further heckled. 

The object of this procose is to split the filaments of 
the flax into their finest fibres arranged in parallel 
order, and, so to speak, combed. The flax is divided bj 
this process into two kinds of fibre, called the 
and tho " tow," The longer fibres (or " line ") 
in the hand of the heckler as he proceeds ; the 
fibres (or " tow ") adhere to the teeth of the inBtnuneut,] 
and require to be removed &om time to time. In thft. 
hands of an unskilful operative the beet flax will all bo 
converted into tow. A good heckler feels at 
degree of resistance, and draws the ilax with suitablS' 
foroe and velocity, and throws it more or less deepljr 
uuong the teeth, according to circuinstancoB. It 
thought at one time that the requisite delicacy of 
manipulation could only be secured by manual dex- 
terity ; and even after tlie introduction of machine 
spinning, hand-heckling was solely employed. The 
progresa of invention has, however, in recent years 
enabled the spinner to substitute, to a very large 
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macliine for hand-liecklitig. Tlie flas, divided, aa pre- 
rionsly mentioned, into Btricke, is spread out and 
placed between a pair of sliort iron bars, wbicb are 
screwed together and bold it firmly, like tbe band of 
the Leckler. Eact pair is called a " bolder," the 
BcrewB of wbich are 1^ incbes apart. A number of 
tbeBB holders are fixed to a cylinder at distsnces a 
few inches apart. Tbe root ends of tbe fiax fall 
npoQ an inner cylinder covered with sharp teeth, which 
reTolves slightly and heckles the flai, while the outer 
cylinder revolves elowly in tbe opposite direction. 
When the holders Lave passed through about half a 
circle, they are dopoaitod by the outer cyhnder upon 
a kind of rail. The machine minder, generally a girl, 
then removes them to another maehine similar to the 
first, where tbe uncombod onda fall upon an inner cylin- 
der, and are heckled like the ends previously combed. 
Sometimes tbe entire process is performed by one 
machine, the holders being opened by tbe machine 
minder, after the root ends have been heckled, and the 
fl&z turned the other way. To cleanse tbe points of 
the heckling teeth from tow, a series of brushes, fixed 
apon wooden cylinders, are provided ; these brushes 
pass between the points and remove the tow. One of 
the best heckling machines is Ardell's intersector, 
in which two heckling cylinders operate npon the 
strick of flas, and heckle it on both sides at the same 
time. Combe and Company, of Belfast, have achieved 
a great reputation by their various heckling machines. 
Their seli'-acting sheet machine is very suitable for 
it the eoaraer kinds of flax. The heckles are 
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placed upon a Qat surface, or " slicet," as tbe cylindee 
is not well adapted for keckling large uncut fiax. 
The nature of the operations in the " circular " a 
" flat " machine is the same, except that in the " circn^ 
lar " the flas la noted on by heckles fixed on i 
oircTiraference of a cylinder, and in the "flat" 
heckles fised on an endless sheet. 

The appearance of the flax after heckling Is mndr 
changed : the line consisting of long, fine, soft, asA 
glistening fibres of a bright silver grey, or yellowiali: 
colour, and when seen from a short dietance havis^ 
very much tho appearance of silk. 

The nest operation is called torting. The heckle4 
flax is taken to the sorting room, where the stacks bI9 
separated into various divisions, according to the dfr< 
grees of fineness. Before tho line-sorter is placed a 
kindof table, containing a number of boxes for receiving 
the various qualities of line. These boxes are r 
tivoly labelled 2 lb., 3 lb., SJ lb., 4 lb., 5 lb., 5.f Ibj 
6^ lb., &o., from an old system of comparing flnoc 
ness with weight. He judges of the various degrees 
of fineness by the touch, as well as by the eye. 
block heckle stands on the table, through which he 
feequently draws the line, to keep the fibres parallel. 

The next operations are those of spreading and 
Arawing. Each of the stricks of flax is subdivided' 
into two or three portions, which are arranged longi' 
tudinally on the creeping sheet (or feeding cloth) 
of a spreading machine, tho ends of the successivo 
portions overlapping each other about threa-fourtha of 
their length. The flax is then drawn forward throng' 
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■% ]i&rt of the sprectder called the gill fiame (from the 
French word " aiguilles," needles), and deposited in 
the form of a libbon, called a " sliver," into a tall can, 
capable of holding lOUO yards. Long flas is drawn 
oat to sixty times its original length, cut flax to 
twenty times. The giil frame comprises (1) a sot of 
Toilers, called the holding (or back) rollerB, which 
deliver the flai to (2) another set of rollers, called tho 
drawing rollers, which move at greater speed than the 
others, increasing the length and diminishing the 
thickness of the flni. Between the two sots is (3) a 
set of Bcrew-gills, composed of separate bars or rode, 
called "fallotB," armed with closely ranged ranks of 
steel needles. These create a friction among the fibres 
of the flax similar to the action of tho fingers in hand- 
Bpinning, restraining and regnlatiug the drawing of 
the fibres by the drawing rollers, and preventing the 
sliver fi'om being lumpy and irregular. The move- 
ment of the fullers is spiral. The flax passes from the 
drawing rollers to (4) another set of rollers, called the 
delivering rollers, which deposit tho sliver in the can. 
Between these two there is (5) a plate of metal, having 
diagonal openings at au angle of 15° to the otiginnl 
course of the sliver, in order to enable it to be turned 
ia a rectAugular directiou and be guided to the de- 
livering rollers : this plate is called the doubling bars, 
having been at first made of separate bars. 

When tho can ia full, it is taken to the drawing 
frame, where eight slivers ore combined, and drawn 
ont into one length equal to the sum of their united 
The efEect of this is to produce great iml-' 
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formitj' in the ribbon, the second drawing correcting 

the dofecta iu the Beveral slivers by equalizing the fibres 

throngbout the whole length. There are, generally, 

. tbree drawing fnunes, to which the flax is successiTely 

I taken. At the second, twelve Blivere are drawn into 

one; at the third, fifteen are drawn into one. The 

macbineH for these drawings, thongh in principle essai- 

tially the samo as the spreader, difier in some of their 

r details, such as having no creeping shoet or 

ig cloth, as the sliver has sufficient coherenoe to ' 

be drawn direct from the cans bj the back rollers of 

I the drawing machines. 

From the drawing frames tho slivers are taken to 

. the roving frame, tho last oporution preparatory to 

^ spinning. It is eimilar to the drawing frames in the 

I Arrangement of its l>ack and front rollers and gills ; 

but for the purpose of twisting the sliver into a rove, 

or loose thread, a fiyer is added, and for the pnrpoae of 1 

winding the rove preparatory to spinning, a bobbin is 

added. As the diameter of the bobbin is continually 

increasing by the accumulation of tho rove, while the 

speed of the front roller is always the same, the speed 

of the bobbin is nicely regulated so as to iHmininh in 

proportion as its diameter increases. The revolntion 

of the bobbin is consequently a continually retarded 

I motion. 

L The preliminary procesaea through which the line 
passes after it is heckled and before it is span are' 
termed, collectively, preparing. The rove-bobbins are 
now taken to the spinning room. Spinning consists in 
drawing the roving down to the last degree of teal 
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cledred, and twisting them into bard cylindrical cords, 
which, are called yarns. The spinning of flax does not 
differ essentially from the spinning of cotton on the 
" throstle " principle. Mnle-spinning, which is so well 
suited for a weak material, like fine cotton, is not 
snited for the strong fibre of fins. In hand-spinning, 
ihe housewife used to moisten the fibres with her 
ealiva, to make them adhere to each other, and also 
to make thom more pliable and easy to twist ; and in 
imitation of this practice, the fibres were wetted in cold 
water previous to being spun by machinery. For cold 
water, water heated to a temperature of 120° is now 
BubstituteJ. This has been found to be a great im- 
provement ; a given weight of fltux can be spun to 
doable the length that it formerly could, and the thread 
that is produced is finer, smoother, and more nniform 
in texture than formerly. The hot water is contained in 
a trough which rims the whole length of the spinning 
&ame. A dewy spray ia continually thrown off by the 
machinery, against which the attendants protect them- 
selvea by waterproof aprons. Probably lino which, 
when spun dry, would produce only 20 leas of yam, 
would, when wetted, yield 70 leas or more, and be 
proportionately more remnncrative. 

Throstle-spinning is fiupposed to be derived from 
the bnmming sound of the spindles when working at 
full speed, which, in the most approved machines, is 
at the rate of 5000 revolutions in a minute, each 
Bpindle producing twenty-seven hanks per week. The 
roving ia twisted into yam by the twirling of the 
The three rollers deliver tha ro-rai^, »S^ 
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tenuated to a. proper degree of fineness, tliroagh fc 
guide ojelot, Tortically, to tlis spindle, and in its pro*' 
gross from the front Toiler to tlie nozzle of the spindly 
the roving roceivcH the requisite twist, which ii 
municoted to it bj the rapid revolution of the epindlsi 
It is thus drawn and twisted into yam coneecntivelf ; 
and not only so, but it is also wound upon the boblwd 
before it quits the machine. The hollow fork of tli« 
flyer, to which the roving is delivered through thft 
nozzle of the spindle, transmits it directly I 
bobbin, which is stuek so loosely upon the spindle that 
it is not affected by the revolution of the latter ; 
the roving being pinched by the front roller, ia 1 
folly on the stretch, ond the rotation of tho bobbin il 
caused by the drog of the roving. The roving, i 
as it should now be termed, the yarn, is equally 
difitributed over the bobbin by the up-and-down moti(ffl 
of the latter alocg tho spindle. This up-and-dowit 
motion of the bobbin is communicated to it by t 
rotation of a disc, causing a weight suspended froof 
a lever to rise and fall. The bobbin rests upon ■ 
copping rail, which is made fast to a bar connected 
by a rod with the lever. When the copping rail tifidt 
(ind falls, the bobbin rises and fi^lls with it. Th( 
weight of the bobbin and its friction upon the coppinf 
roil, which is promoted by covering its lower extremity 
with wnah-leather, cause it to hang back, and thus tl 
yarn is wound on the bobbin more slowly than ti 
spindio revolves. The retardation regulates itself 
according to the diameter of tho bobbin by the drag 
the yam. Henoe the throstle-frame is a rnnc 
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Bunpler contrivanca than the roving frame, where the 
sliver has too little coheeion to bear the etrain put 
upon the yarn in the thiostle-fraiao, and where it is 
therefore neuessary to give the bobbins that indepen- 
dent motion which so complicates the machine. 

The nest operation is called reeling. The bobbins 
are conveyed from the throstle-framo to the reeling 
room, where the yarn i^ nnwound from the bobbins 
and meaaured on reela, the lowest denomination being 
the " lea," or " cut," The standard lea contains 
300 yards. The nest higher denomination is the 
" hank." Each hank contains 10 leas, or 3000 yards; 
20 hanks contain consequently 60,000 yards; and these 
conBtitute one bundle. It is by the standard lea of 
300 yards that the description of yarn is knomn. Thus, 
" No. 20 " contains 20 leas per lb. weight. The bundles 
are arranged in bunches, containing 3, G, 9, or 12 
bundles apiece, according to the fineness of the quality. 

The drifinij of the wet-spun yam is effected either 
by steam heated up to 90° Fahr. in lofts, or by 
exposure in the open air npon poles. 

When brought from the drying, the yarns are 
made up, so as to feel soft and supple, by twisting them 
backwards and forwards and stretching them. They 
are then folded and are ready for sale. 

At the Exhibition of 1851 yarn was shown, spun 
by an old woman of eighty-four, a native of Ireland, 
containing 7G0 leas per lb. weight. Hand-spun yarn 
from the Continent is still used for very fine cambrics; 
but in general miU-spun yam has superseded hand- 
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nxtmi, a its tedmioal Mnse, is the compoimd efoA 
pndaoed l>j dovbUng and fWisting two or mtae HiDglo 
ham of JUB. Tbe thra^^^sme closely resembles tha 
i £ir qtinnmg linen Tarn, bnt the 
HnallDr, and there are only tne 
TtJIcmi. vUcb an placed one abore the other. The 
IJan of yarn deliTcred bj the bobbins (which are set 
oIomIj upon tkeir rHpectiTe ekevete on « creel, or Ehel^ 
alo^ tbe vbole length of the machine) 
«r a ^M« rod into tha water-trough, when 
Ihaj got watted. On energing, thej arc guided along 
Ifebetton of i1m ukder roller, and, passing between ifc 
■■d Ihe ■ppw raHer, tmo round the top of the lattei^ 
whateoa tbe;r are laid patalleL From tbe npper roil^ 
A* peiallel linn of jam pass obliqaely downward^ 
Ikno^ an ^«let-iiole, to the flyer of the spindle, the 
t^M tvnlatiai of which twists them into a soli^ 
Mid at tbnad. Tbe thread then works itself opoi 
ttn boUin, wbicli is fitted, as asoal, on the spindle. 

Wssiag frota the 8at;joct of qiinniTig the fibre inti 
J*n to ibal ot wimimg ttie yam into linen uloth, oiDt 
MtentMn is first called to a series of processes, called 
mmfimg, ti tu t f , kNWuy, and dratfimg in, necesaaiy ft 
tke pwpOOT of pr^aring the yun, or more ooinetlj 
■f w titt g v ^0 warm for the weaver. 

is tbe art of nuawifactnring yam into cloUt 

tagelher tite warp and the weft at right 

■eh otiicr. The <nrp consists of the hardec 

twisted lines of yam, which run longi- 

from end to nti of a w^ of doth. The weft 

«t the softer and less twisted lines of y 
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Thich ran oroeswise from selvage to BclYage of a web 
of cloth, at rigLt angles to tlie warp. The object of 
warping is to iirriLiige all the longitudinal lines of yarn, 
or warps, evenly, alongside of each other, in one 
parallel plane. The bobbine, filled with the yarn 
intended for warps, arc taken to the warp-mill, and 
placed in the warping frame, called a " travera." Ono- 
sixth of the number of bobhinR, that will furnish the 
qnantity of warp leqnircil fur the length of the 
intended web of cloth, is usually monnted in the 
warping frame. The hobbias are set loosely ia a 
horizontal position, upon wire skewers or spindles 
attached to the frame, so that tbey may revolve and 
give off the yam freely. The principal machine in 
the mill is the warping mule, which consists of a large 
reel of wood with twelve, eighteen, or more sides, and 
about 7 feet in height and S in diameter. The ex- 
ternal framework of the reel is mounted upon a vortical 
shaft, which rises in its centre. An endless band 
passes round the lower part of the vortical shaft, and 
also round a wheel placed at some little distance 
outside the reel, and worked by a handle. 

Standing (or sitting) beside the wheel, the warper 
turns it ronnd, and causes the reel to revolve on 
the vertical shaft. The reel can bo turned from right 
to left, or ft'ce verta. The warps, converging to a focue, 
puss from the warping frame to the reel through a 
small machine called a " heck-bos," which contains 
one hiindred and twenty or more pins, made of finely- 
polished and hard-tempered steel. There are, in fact, 
Ity pins as there are separate lines oi '«%ir^, K.V 
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the top of each is a minute eyelet-hole, through whiob 
the liueof warp paHses in its progrt'sa to thG red 
from the warping frame. The pine are iBeerted aller- 
nately in two eeparate piecee of wood, cither of y 
may be raised, iiidopeadently Qf the other, by mea 
a small handle below. The heck-liox slides up and down 
one (oT in some milla, two) of the upright posts of thv 
warping mule, by a simple contrivance. The lop of the 
vertical shaft is connected witli the heck-box by means of, 
a oord, which passes over a pulley at the top of the p 
As the reel revolves from right to loft, the heck-box ii 
thus gradually raised to the top of it ; nnd when it n 
volvoa from left to right, the heck-bos is gradnally 
lowered to the bottom. The turning uf the handle of the. 
mill therefore imwinds the warp &om the bobbins h 
the warping frame, and winds it spirally np and down 
the circumference of the reel. The use of the heck* 
box, with its two separate pieces of wood and thnit 
alternate rows of pins, is to divide the warps into t 
alternate sets of threads, one set for oaeh of the t' 
healds or heddlos of the loom. This separatign i 
called the "loss," or "lease," and without it there 
would be difficulty in weaving the yam into cloth, ThS 
proocBs by which the leas is formed is thus described 
by Mr, Warden in his learned work on ' The Line^ 
Trade ' : "In commencing to wind the yam on t 
reel, the threads which pass through each of the two 
pieces of the heck are separated by raising one p 

and they are then passed, the one portion 
over and the other under a gnide-pin attached to thfti 
reel. The other piece of the heok ia then raised, and tl 




threads in it passed over anotier pin in the reel, while 
ttoBe in tiie other piece go nnder t!ie same. This 
process is repeated ecich time tho chain or warp is 
wound up or down the reel, by whieh means the whole 
warp is separated thread bj thread, bo as to facilitate 
their alternate arrangement in tho heddles of the loom. 
At the bottom of the reel a few threads are altematoly 
parsed together in " pinfula " over and nnder two other 
pins, which enables tho weaver by means of an evener 
or very open reed with a movable top, in each opening 
of which a pinful of yarn ia placed, to spread the warp 
regularly in winding on the yam-beam of the loom. 
Before the warp is taken off the reel, a piece of cord is 
passed carefully through the yarn, closo to the pins, to 
preserve the separation of the threads, at both ends 
of the warp, which separation is called the lease. In 
rolling the warp on the yarn-beam, tho weaver begins 
at the end where it ia divided into small piafuls, and 
tenntnates where it is separated into alternate threads. 
He takes care to preserve the lease perfect throngbont 
the entire weaving of the web by passing two lease- 
loda between the alternate threads and keeping them 
there." * It only remains to add that the weaver, as 
he removes the warp from the guide-pins of the reel, 
winds it, in the form of a huge ball, round his left 

The next process is that of eking the warp, which ia 
Bubject to considerable tension and friction, and would 
be very likely to break, if stretched in the loom in the 

• * The Ijnen Tnide, Ancient and Modern," by AIbk. J. , 

^^^u^ 2nd edition (ISti7), p. 701. ^H 

K. J 
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Bonio state in whicli it ia spun. A dresBing of eize ii 
therefore given to it, to gluo together tliG minute fibrila 
of wliicli it is compcieed, and thus increase its strength, 
tenacity, emoothnesB, and ehisticitj. Warpa maj be ' 
sized either "hy the hand or by a sizing machine. 
The size cunsista of a paste of fine flour, to which a 
little brine is sumetiiues added. The method of sizing 
generally used by the hand-loom weaver is to put t 
drcBSing on carefully n'ith hund-hrushea, spreading il 
AS evenly as peesible over the surfuce. He then employ 
a fun for the purpose of drying the warp. Sometimet 
the weaver, has teeourse to the more primitive method 
of dipjiing the warp into a trough filled with i 
size, and then aqueeziug it, repeating the process until' 
the warp is completely saturated with the size, after, 
which he spreads it out to dry in a field op drying 
loft. When warps are sized by a machine, the rollew 
containing them are mounted on a frame at one end of 
it. The lines of warp pass through a kind of reel ti 
keep them distinct, and then between two rollers 
covered with felt. The lower roller dips into a trongb 
filled with size, and applies the dressing to the yam, 
while the upper one squeezes out the superfloous moi^ 
tare. The size ia rubbed into the fibrils of the yam 
and smoothed over by means of cylindrical brushes 
one of them over and the other under the yam, and 
moving in an opposite direction to it. Tho dressed 
yam is then dried by being passed over a steam 
box and subjected to a current of air caused by II 
revolving fan. In some macliiues there are several 



The nest procese, that of beaming, eonsieta of winding 
the warp tonnd the warp-hKom, better known as the 
" wCBver's beam." The weaver uarolla the bundle of 
warp-yara, passes one end of it over two slings attached 
to the roo^ then through a funnel mouth round a scries 
of pegs, than backward and forward o?er rollers, gra- 
dually sprondiiig it more and moi'o open until it arrives 
near the woi'p-beam, which revolvea upon iron pivots. 
The weaver stands beside the estended lines of warp, 
holding in his hand an iuBtrnment called a ravel or 
sepurator, It is a rude kind of comb composed of a 
block of wood, into which pieces of cane are fastened. 
The lines of yam aro passed between the teeth of the 
nvel, and by this means are distributed evenly over 
tite warp-boam to the width to which it is desired to 
nake the cloth. 

Tho last process preparatory to weaving censista in 
drawing each separate thread of the warp first through 
the corresponding loop of the heddles, and then 
through the teeth {or dents) of the reeds. The warp- 
beam is suspended by its ends so as to allow the lines of 
warp to hang down perpondiculaiiy. The heddles are 
also Lung up in front of the warp-beam. The weaver 
Btts in front of the heddles and opens their loops ; his 
aasistant sits behind, and selecting the appropriate 
thread of the warp, delivers it to tho weaver, who 
draws it through the corrcspoudiug loop of the heddles. 
The threads of the warp are then drawn through the 
teeth of the reed by a hook called the reed-hook, two 
threads being passed through each rood-aplit. 

Weanng can be performed either by t^ tvn^ 
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the power loom. The application of machijiery to the 
weaving of linen bae been attended with mnch 
difficulty than in the cose of cotton fabrca, owing to 
the Btubbomncea or uani of elasticity in linen yam aa 
contrasted with cotton yam. Gradaolly the difficult 
is being removed, but there ia etLll room for improvo- 
ment in tbo power-loom weaving of linen, and hand- 
looms snetaia their BUperiority in the prodnctlon of 
the finer qualities of clotb. 

Mr. William Gharloy, in hie work on ' Flax and its 
Frodncts,' shows clearly the causes of the decay of 
hand-spinning and tbo survival of hand-loom weaving 
" A powor-loom can turn out about two webs of 60 
yards each per week, and one woman can attend to 
two looms, producing at least four webs a week. This 
production is probably four times the amount prodnced 
by the hand-loom weaver, as four or five yards per 
day of linen would keep him very busy indeed. This 
is not equal, however, to the saving of labour in ths 
spinning process, A spindle, though in reality not 
niuoh quicker than a bond spinning wheel, never tiiea, 
»tid thoreforo would 2>roduco in a week nearly donhls 
what a woman oould turn off her wheel, while one giri 
in the mill can attend to 160 spindles. To spin by 
female fingers the yam that Ireland alone could now" 
produoo in her mills would require therefore 1,303,744 
women oxprossly devoted to the task. The eaoi 
uving of oxpeoBe, aud the great regularity of prodnc- 
t tion ensured by mill-spinning, at onoe made the transi- 
I tion fium the haud spiiming wheel an unavoidable 
k-Beoossity. The saving by power-looms not being bo. 
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^ra*t,the tranaitiDii state will likely be prolonged oTer 
ft lengthened poriocl." * 

A brief notice of hand-loom weaving will necessarily, 
therefore, precede a notice of weaving by machinery. 

The Eurojiean loom consists of seven parte: viz. (1) 
tbe esterior framework, (2) the warp-beam, (3) the 
healda (or heddles), (4) the tredillea, (5) the lay or 
batten, with its reed, shnttle-race, cross-bar, swords, 
pickers, and picking peg ; (6) the shuttle ; and (7) the 
cloth bearer, with its ratchet-whool, A portion of the 
warp is stretched in the loom, the remainder being 
left on the wnrp-beam, which is fitted into one end of 
tbe loom. The lease-rods still remain inserted in their 
proper pliieus across the wai'p, to preserve the lease, or 
Reparation of the ftltemate threads. As already de- 
Boribe^, each thread of tbe warp, by the process called 
drawing in, passes through the loops of the heddles: 
the first thread through the first loop in the first 
beddle, the Becond thread throngh the first loop in the 
aeoond beddle, and so on alternately, and then tbe 
tfareadspass in couples tbrongb tbe teeth of the reed. 

The exterior framework of the loom consists of four 
aprigbt posts, sti'ongtbened by cross-beams at either 
end. The appearance of the loom, when the warp is 
Btretcbed in it, closely resembles that of a four-post 
bedstead. There are two beads (or heddles) in the 
ordinary loom, consisting of twines stretched between 
two rods or pieces of board, and looped in the middle, 
the two hoalds together containing exactly as many 

• ' Flas and its Producla ia Ireland.' By William Cbarley, 
gj. 18U2. FagB97. 
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twines as there ans tbrcmls of warp. The two hed- 
dios &re soBpvudeil lij cords passing oyer pnllejB 
•ttached to the upper part of the fiumework, aud BO 
nnited by these cords, that when one hejille ie lowered 
the other rises. The cMirdfi and pulleys are called the 
hamees, The heddlcs ore worked by means of tha 
treddles, of which there are also two, one attaehed {)>J 
a oord) to each heddlo. The treddles are so called, 
because it is by " treading " upon them that tliey ue 
put in motion, and communicate that motion to the 
heddles. The most complicated structure in the loom 
is the lay, or batten. It couBists of a wooden frame, 
which swings on the upper part of the framework of 
the loom by its cross-bar. The poising of the lay is a 
matter of great nicc^. It should be hung midway 

I between the heddles and the woven ]X)rtion of the 
work; for the greater the s|iace in which it describes 
its arc, when in motion, the harder is the stroke which 
it delivers. The size of the lay must depend upon the 
kind of goods which it is intended to weave : the 
heavier the fabric, the larger will be the lay, and, 
indeed, the entire loom. If properly poised, tho lay 
will return to its normal condition by its own weight. 
The two wooden bars which connect the bottom of the 
Uy with the cross-bar upon which it swings are called 
the swords, aud tho siEe aud awing of the lay will, 
of course, depend, to a great extent, on the length of 
these swords. In ozauiining tho bottom of tho lay, the 
first thing that we notice ia the reed. The fineness 
i of the cloth is calculated by the number of dents 

I reed, two threads of the warps, as already stAted, 

I pasaing tiuongh each dent. &. -viAt, caUcd. a. 10'^ 
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aontains 2000 threads of warps in 40 inclies wide of 
the cloth. The reeil ia set intu the hottom of the lay, 
between the eironla, and is shut down into its place 
by a cap-pieco attached to the sworila, which the 
weaver grasps with his left hand, when he pulls the 
lay towards him in weaving. Prior to tbo year 1733 
the bottom bar of the Jay only reached from side to 
side of the swords. The weaver, bending forward, 
threw the shuttle with one hand across the " shed," and 
cangbt it with the other, then thi'ew it back again, and 
BO on, a very Inborions operation. In 1733 John Say, 
of Bnry, patented the fiy-slmttlo (so called from its 
speed), which greatly lessened the labunr of weaving, 
and enabled the weaver to produce twice as much cloth 
as formerly. The £y-s]iuttle has now generally taken 
the place of the old huad-threwn shuttle. The bottom 
bar of the lay lengthways is made to extend, on either 
Bide, beyond the swords, and projects breadthways about 
an inch and a half in front, forming a kind of shelf or 
ledge, called the shuttle-race. At the ends of the 
fihnttle-race are thin beards screwed on, to form two 
troughs or boxes, in which pieces of wood, horn, or 
thick leather, called pickers, move along wires. These 
wires ore filed at one end to the swords of the lay, at 
tbe other to the end pieces of the troughs. To each 
picker a string is attached ; the two strings being 
united in a handle, which the weaver holds in hie 
right band when weaving. The shuttle ia placed in 
one of the troughs, and bears some resemblance to the 
kind of boat called a skiff. In the centre of the 
boat is placed a bobbin, contaiuiug the yarn that ia 
to be used for wel'ta ; and tbo end o£ tliia ^ani T\ms. 
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through a email hole in the side of the boat, called tho 
eye. There is, so to epeak, do stem to the boat ; u 
it is pulled from right to left, and also from left to 
right, it has a prow at both ends. It has also two 
small wheels, upon nhich it nms swiftly and eaaOf 
along tho shnttle-race. Wien the weaver pnlls the 
Landio of the etrip^ attached to tho pickers (called the 
"picking peg"), a momentum is imparted to the shuttli^'. 
which driTCB it across tho shuttle-race from right ta 
leit ; a second pull drivee it from left to right. Th«, 
shuttle should never be driven with violence, as it will' 
recoil, and slacken the thread of tho weft. 

The woven cloth, as it is coinpleted. is wonnd apoO' 
the cloth-beam by tiirning a handl" at its side, the 
beam being preveuted from slipping by a ratchet* 
wheel, which takes into a holding tooth. 

Having explained the various parts of the hand- 
loom, it remains to describe tho process of hand-loom 
weaving. The weaver sits on a bench at the end of 
the loom, opposite to that to which the worp-boam 
attached, and presses with his right foot upon one 
the treddles. This lowers one of tho heddles, and 
with it all the lines of warp that pass through ii 
loops, and at the same time raises the other heddl^ 
and with it all the lines of warp that pass tbron^ 
its loops. Tho interval thus opened up between 
the alternate sets of warp is citlled the shed, and 
the operation of opening it up is called shedding thtf 
warp. Into the shed and across the Ebnttle-race t 
weaver then projects the Bbuttle, by pulling tho pickii 
peg with his right band. A thread of weft is th' 
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deposited at right angles to the lineB of warp. With 
his left hand the weaver then polls tho lay towards 
him, with snoh force as the closeness of the texture 
requires. The lay drives the thread of weft close up 
to the weh. The woaver then presses with his left 
fimt upon the other troddle. This lowers the heddle, 
and with it all the lines of warp that wore previously 
raised, and raises all the lines of warp that were pre- 
■viously lowered. The weaver then, by pulling the 
picking peg, drives the shuttle along the shuttle-race 
bock to the trough from which it previously emerged, 
and then " hrings home " with the lay. For every 
thread of weft thrown across the warp, it will thus be 
Been that the weaver has three successive operations to 
perform : first, to press upon a treddlo with one foot ; 
secondly, to pluck the picking peg with his -right 
hand; and thirdly, to pull the lay towards him with 
his left hand. The web, as it is woven, is wound, as 
already described, round the cloth-hoam by the 
weaver, who thus unwinds the warp from the warp- 
beam at the same time. The proper degree of tension 
18 preserved by weights, suapeudod hy eorda from the 
warp-beam ; and the cloth, when woven, is kept from 
contracting in breadth, through the shrinking of the 
warp, by means of two pieces of hard wood bound 
together, the eiti'endties of which are armed with sharp 
points, which pierce the selvages of the cloth, and thus 
keep it distended. These are called temples. 

This description, somewhat minute, of the hand-loom 
will facilitate the acquisition of a knowledge of the 
JTOflhanJHin of the power-loom. Allthe yaii.aii&^Mte,Qt 
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the hand-loom are reproduced in the power-loom, plus 
e machinery moved by steam, which »h eubBtitutcd for 
the hnuda and feet of the weaver. The framework of the 
L.power-loom is made of oast iron, and compriBUB eide np- 
lights bonnd together by cross-beams. The sides are 
Ibo connected together by a lai^ arch, which, springing 
com them, sanuoonts the rest of the loom. There it 
reast-beam at the front, over which the cloth pasBes 
D its way to the cluth-beam ; and there is a roller at the 
bock, over which the warp passes in its progress from 
the warp-beam. The plane of the warp is thus pre- 
served in a horizontal position 'during the process of 
weaving. The breast-boam is nearly square, but ita < 
upper snrfaue is sloped a little towards the front, and 
its edge rounded off to enable the cloth to glide ' 
Hmoothly over it. The heddles are suspended (by corda ■ 
and pulleys, as usual.) from an iron shaft connected 
with the arch which binds the sides of the framework 
together. The motion of the treddles ia produced 1^ 
two eccentric wheels (or tappets) actiug on the two 
treddles or levers furnished with friction rollera, the 
short mdiiiis of one wheel allowing its corresponding 
troddle to bo raised, at the time that the long »diuB 
of the other wLoel depresses its troddle ; thns the 
treddles are raised and depressed alternately, Th« 
stroke of the lay (or batten) which drives home thA 
weft is produced by two cnmks, one at each side o" 
the loom, close by the framework. The shuttle i-_ 
ia|»wn by a whii>-lever in the centre of the looa^ 
*~-^ng alternately to the right and left To this th« 
- g Wttd is attached, and ifl plucked aither Trey w 



ft jerk, which propels the shuttle along the shuttle-race. 
Some loDina have two whip-levors, one at each side. 
Motion IB communicated to tho lay, shuttle, and treddles 
by means of wheels, cranks, pulleys, and bnnds con- 
nected with the driving shaft of the factory. The 
mechanism for throwing the loom out of gear and 
stopping it is simple. There are two pullcfB (ot 
riggers), one fast, connected with tho steam shaft of 
the factory, the other loose, unconnected with it. 
When the driving band is upon the fast or innermost 
pulley, the loom is in gear with the steam shaft. The 
weaver can stop the loom by moving a lever, which is 
aflixed to one of the side uprights of the framework at 
its lower end, from left to right. The upper part of 
the lever (which is worked by a handle), by falling 
into a notch in a small hearing attached to tho frame, 
is held at a suffiuient distance from the side upright to 
throw the band in a lateral direction olf the fast pulley 
upon the outer or loose one. The connection of the 
loom with the steam shiift is thus severed, and the 
machinery is instantly stopped. 

The linen, whether woven in a hand or a power 
loom, is, of course, brown, and I have already de- 
scribed tho method of disposing of hand-made linen 
formerly at the Brown Linen Markets of Ulster. 
Armagh, Ballymena, Coleraine, Ballymouey, and Lur- 
gan, are still markets for tho sale of brown hand- 
woven linens : but power-loom linens are disposed 
of by the manufacturers, privately, to the buyers. 
Brown linens not sold in tho brown state are sent to 
^^I^^Ueftcher- to be bleached and then UniBhod \i^ \\\m. 
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or bloaclied iiimplj, and then sent to the djer at 
[irintfir, to be coIoutmI first and finished afterwards. 

t bsTO non a few observations to offer on the third 
bntccb of our eubjoct, viz. bleachimj, which term o 
from the French, " blanchir," to whiten. The processei 
employed for blcftcliing linen are mnch more difficnli 
ud todioUH than thoee for bleaching cotton fabrics, for it 
contains mnch more colouring matter than cotton, and 
loBos nearly one-third of its weight in bleaching, while' 
cotton only loses one- twentieth. There are two ByBtemS' 
of bleaching, tlie old and new,^the distinguishing: 
feature of the former is crofting, of the latter, chemick- 
mg. In both systems hucking and soaring are employed.! 
Crofting is a tedious process. The linen is exposed, foe 
two or thrco days ut a time, to tho action of the a 
i^horo, Mjion the grass in blcachfields. In the NortSJ 
of Ireland tho bloiichfieldB, from a distance, with t 
•ores of white cloth spread out upon the hill-Bid« 
lilce some Alpine snow-scene. The crofting i 
at frequent intervals, about half of the t 

bleaching being devoted to it. CJiemickmgi 
in steeping tho cloth in a solntion of chlorid^ 
of lime (or chloride of soda). The cloth is placed i„ 
Btoue vats, over tho centre of « hicli a perforated trouglt 
' ■■"'""■•■ " Into this tlio solution is pnmpod, anSi 
upon tho eloth. This process iM. 



is snspondod, 
fWim it poun 

continued for about' four "hours. The bleaching 
powder,* ,„ onlor to be applied to the cloth, mast I 
Ldiawlvwl m water. i« tl.e proportion of about half 
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pound of chlorido of limo to three galloas of water. 


This amoimt of chloride of limo-Btoep, or " chemick," 


will bleach one pound of cloth. 


Bucking consists of hoiling the cloth in alkaline Ije 


(or in Bloked lime first, and alkaliae I;e aftei'wards), 


in huge iron hoilers for eight or ten kuurs at a time. 




method of bleaching, and is always followed bj croft- 


ing. Souring is tho process of stooping the cloth in 


irater ndied with sulphurio acid, in the proportion of 


8 gallons of the latter to 200 of the former. The " sour" 


was originally composed of butter-milk : hence its name. 


In the " sour " the cloth ia allowed to remniu for about 


ten hours, and is rendered much whiter than it was 


before. Ah the acid corrodes if allowed to remiiin in 


the cloth, every trace of the acid requirea to be re- 


moved by very careful waabing. Besides whitening 


the cloth, the sour rcmovea the limo and alkali. Mr. 


William Charley enumerates no fewer than twenty-two 


operationa (or, including the intermediate washings. 


forty-four operationa) for "bleaching one parcel of 


light linens, say 150 double pieces," esclnsive of 


beetling and finishing : 


Mine. Dayi. 


1, Steep foe twentj-four lioiira . . Wash 15 2 


2. Boil Ibr aaven Iiouth Id Ijo aud 


roBiii, 21= „ 15 1 


3. BoU for nine hours ia lye. 2}° . . „ 30 1 


*. GrasB for three daya 3 


5. Boil for tea hoara in lye, 3° . . „ 30 1 


e. Grufla for threu daya .. 3 


, 7. Boil for eight houra in lyo, 3= . . „ 30 1 _ 


^^^. Grass for Ibiee dnya % ^^^H 
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9. R()Ug:h sour for ten hours in Mina. Dajs. 

vitriol, 2° Wash 40 

10. Scald for four hours in weak lye „ 30 

11. Grass for two days 

12. Dip for ten hours in alkaline (40 

to 1 strength) „ 30 

13. Sour for twelve hours in vitriol, 

ir » 45 

14. Scald for four hoiirs in lye and 

soap ,, 20 

15. Rub with brown soap „ 35 

16. Grass for two davs 

17. Dip for ten hours in alkaline (30 

to 1 istrength) „ 20 

18. Sour for twelve hours in vitriol, 1° „ 45 

19. Scold for three hours in soap and 

lyo .. .. „ 30 

20. Dip for ten hours in alkaline (45 

to 1 strength) „ 20 

21. Sour for twelve hours in vitriol, 1° „ 45 

22. Rub with soap „ 20 

This may be termed " the open-air process," thirteen 
days out of the thirty-one employed, it will be seen, 
being devoted to the operation of "grass-bleaching," 
for which the climate of Ireland is particularly well 
suited. 

Mr. Hunt, in his sixth edition of Dr. Ure's 'Art- 
Dictionary,"* speaks of this as "the old method," 
which has been superseded by the following new 
method, occupying a much shorter time : 

1. Wash. 

2. Boil in lime water ten or twelve hours. 

3. Sour in muriatic acid of 2° Twaddle for three, four, or 
fiv^e hours. 

♦ Published in 1867. 
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4. Wash welL 

5. Boil wlUi resui and wxiA-Bflh twelTe haurs. 

6. Turn tho goodfl, so that thoBo at the top Bhall be at the 
bottom, and boil again as at No. 5. 

7. Wash well. 

& ChemiPk. at j= Tw., or 1002 'S, fourbmira. 
9. Sour, at 2° Tw., or 1010 Bpoeific gravity. 

10. ■Wnflh. 

11. Boil in BOda-Bsh for ten hours. 

12. Chemick again. 

13. Wash and dry. 

Mr. Htint speaks of tlie " old method " fts if it had 
entirely ceased " ten or fifteen years ago," but linen is 
Btill frequently " grass-bleoohed " at the present day. 
If the linen has to bo dyed or printed, it is now 
removed to the dye or print works in an unfinished 
stato. 

It is easier to dye cotton thim linen, the flaxen fibre 
beiog harder and less absorbent; but neither eotton 
nor linen cun be made to imbibe Bueh brilliant colonrs 
as Bilk and wool. There are two kinds of colours, 
" Bubstantivo " colours, insoluble in water, such as 
indigo blue, and "adjective" colours, soluble in water, 
which must bo fised upon the fiihric by jneans of 
mordants. Tho mere immersion of tho cloth in a 
soluble dye-stuff will not dye it, for the latter will 
wash off; therefore the colour must be fixed upon or 
into the fibre, in a condition intioluble in water. The 
mordant supplies the "missing link" between the 
fibre and tho dye-stuff. Tho action of tho mordant is 
to withdraw the latter from a state of solution, and to 
' Ite doth, itdelf mi, iaaoWbVe wssa- 
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pouod. Alniaina, the oxides of tin, the protoxidG of 
lettd. the bl&ck oxide of copper, and the infasicHl 
of nutgalls ore tlie priacipnl morilouts. 

Anotlna* division of colours is into primary or simple^ 
and compound or niiied. The first named are red, 
yellow, and blue. To these the author of the eluboratft 
KFticle in the ' Encyclopedia Britannica ' on "Dyeing" 
ftdds hlack and brown ; but black is not bo mocli ■ 
oolonr as tlio absence of colour, and bronrk is al 
a compound. The principal componud colours t 
orange, green, purjilo, and groy. But dyeing and prini* 
ing bftTO undergone a considerable change through thQ 
recent diacorery of aniline dyea, which aro produced 
from coal-tar, and include some twenty or thirty n 
coloura, — magenta, manve, solferino, &c., bi 
are treated of in another place, I need only hetS 
allude to thorn. 

The colour of the cloth, on its being removed from & 
dyebeck, will be found to bo dull. In order to improTJ 
this, it is neceasary to employ an " alterant," so called 
by Berthollet because it "alters" the colour to I 
brighter shado. The ondo of tin is the alterant nseS 
in dyeing Turkey red. 

Thoro aro other proccBses connected with dyeit^ 
besides the successive applications of the mordant, tha 
dye-stuff, and the alterant, including scouring, gallii^ 
and dunging, which can only receive a passing mention 
here. 

The cloth, after being dyed, is washed, 
starched, liried, calendered, and made np for tlU 
jDnrket, 



The printing of linen fabrics was not an extensive 
bnBineBS till recently, and the processea nro more 
tedious and espensive than thoae employed in printing 
cotton. Nearly all the linona printed in Ireland are 
sent to the Continent, tbs United States, the West 
Indies, or Mexioo. 

Till the latter end of the last century, linen was 
printed by the hand, a method still in uae for certain 
styles, and called " block-printing." A great saying of 
time as well as extreme accuraey of execution have 
been aecnred by the iiirention of printing by machinery, 
called "cylinder-printing" {or "roller-printing"). The 
pattern is lirst aketehed on paper. The block in hand- 
printing is made of sycamore, holly, or pear-tree wood, 
or of deal faced with sycamore or pear-tree, and is 
from 2 to 3 inches tbiuk, 9 to 10 inches long, and 5 
broad, with a handle of boiwood for holding it by. 
The pattern is commonly carved on the face of the 
block ; but in finer patterns narrow slips of flattened 
oopper wire are forced edgeways into the wood, follow- 
ing the linos of the fignreil pattern, and defining it 
more sharply than can bo done in wood-cutting. The 
interstices between the ridges are, when copper wire 
ia need, filled up with felt-stuff. The principles already 
enumerated respecting mordants and dye stuffs are 
applicable to printing as well as dyeing. Those 
mordants are preferred which are pessessed of great 
solubility ; and to give thera such consistency as will 
enable tbem to dry on a figured pattern, they are 
thickened to the consistency of a .jelly by mixing with 
a Btaroh, gum, flonr, or paste. Four pounds of gum 
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Inmbifl or aenegal arc eufficicnt to give confiiHtency to ft 
I ^iUoti of liquor. TLe dj'G stuff or mordant, ns the case 
t iBtf be, IB spread by a boy or girl, called a " toi 
or " tearer " (probably a corruption of " tireur "), with 
a brDBh nniformly over the Burfoce of a piece of super- 
fine woollen cloth, etretched tightly over the head of a 
wooden drum, called a e!cve. The siere Boats in 
of size or thick Tomifih, litting into it pretty cloedy, 
but not BO as to interfere with ita elastic buoyancy. 
The printer presBcs the face of the block on the dram- 
head, so that every part of the raised device may 
acquire on equal and BufBcient ooating of colour. He 
then applies the fnco of the block to the cloth, which ij 
stretched upon a printing- table formed of mahogany, 
marble, or flagstone ivith s. eurface truly plam 
stands on strong feet, its tup is about 3G inches from 
the floor, and it is covered by a hlnuket stretched 
tightly over it, and bookcil at the side. In extend- 
ing the cloth npon the blanket, the printer takea 
care to place the selvago one inch from the edge of 
the table. The blocks have pin-points fixed into their 
comers, by means of which they are adjusted to theis 
positions Tipon the cloth, so that the different parta oj 
the design may be joined leather with precision. Thft 
printer strikes the block a blow with a wooden moUe^ 
ta fully impress the design npon and transfer t! 
. ooloDriug to the cloth. The cloth is printed &om o. 
end to the other by a constant repetition of this prooe^' 
a fresh daub of the colouring liquid being token £ 
I the sieve prior to each application of the block to tba: 
1' dofli. The dotfa tfu>t » to be igintad m miwhi 
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folds, and tlie lengths when printed ai'e di^wn over 
rollerB easpeDdcd from the oeiling hy the printer, to 
{acilitate their drying. A single block prints only a 
single colour, and if the deeign contains several colours, 
a different hloek will be required for each. The appli- 
cation of the other colours is called the " grounding 
in," or " re-entering " (" renfrage "), of the new colours. 
The raised parts of each of the blocks correspond with 
the depressed paj^ta of the others. 

The saving of time effected by cylinder-printing may 
bo illustrated by the fact, that to print a piece of cloth 
28 yards long by 30 inches broad in three colours, 
2016 applications of three blocks, 9 inches long by 
5 inches broad, are necessary ; while a cylinder machine 
can print a mile of cloth in four different colours in an 
hour I One cylinder machine, it is estimated, can 
print as much cloth as one hundred printers and one 
hundred " tearers '' combined could print by Land in 
the same timel The pattern is cither engraved by 
band, or by the method of an American gentleman 
named Perkins, on the copper roller of the cylinder 
machine. In the latter case the pattern is first drawn 
npon a scale of about 3 inches square, and then en- 
graved in intaglio upon a, roller of softened steel, about 
1 inch in diameter and 3 inches long. The engraver 
uses a lens while engaged in this delicate work. The 
steed roller thus engraved by the hand is called the 
" die," and is hardened by heating it to a cherry-red, 
and plunging it into cold water. It ia then put into 
a rotatory press, called a " clamming machine," when 
^^jUEBiisfBrs , its design to a sin'il ft'' loUei ia. '^ BaftKaeA. 
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state, called the " mill," in relievo. The mill is har- 
dened and put into a rotatory machine, where it in- 
dents upon the copper roller of the cylinder machine 
the whole of ths intended pattern. The copper roller, 
engraved by hand or by Mr. Perkins's pri.ceee, ia 
mounted on a strong tramework between two other 
cylinders. One of these, which is placed above the 
engraved cylinder, is a large iron drum, roond which 
paR803 an endless web of blanketing, and over that the 
cloth to be printed. The other cylinder is moch 
smalleT than the apper one, thongh somewhat larger 
than the engraved cylinder. It is made of wood, and 
covered with woollen stu^ and is partly plunged into 
a trough containing the mordant or colouring matter. 
The engraved cylinder is pressed upwards by woighte 
or Bcrewe against the large drum. The wooden cylinder 
is made to bear againat the engraved one, which re- 
ceives motion by moans of wheels connected with the 
steam or wator power of the factory. The web of 
cloth is carried onward between the large drnm and the 
igraved cylinder, which is coated with tho colouring 
matter by the revolution of the wooden one. The cloth 
the impression of the pattern eugraTed 
the copper cylinder. A sharp-edged plate of gun- 
metal, bronze, brass, and iron alloys, or of steel, 
screwed between the gun-metal stiffening bars, ia 
slightly pressed, at a tangent, upon tho engraved 
roller, and vibrates with a slow motion from side to 
side, so as to eserciso u delicate shaving motion upon 
the surface of the copper roller as it revolvt 
plate is pressed serj B\i%\itl^ u^n. t 
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roUer, bnf it tias no traverse motion. Tlie former 
plate is cttUed the " colour doctor," and its use is to 
remove the superfluonB colouring matter, which falls, 
aa the colour doctor sernpos it of^ into the trough be- 
neath. The other plate is the " lint doctor," and its 
nse is to remove any fibres which aiay have come off 
the cloth in the act of printing. 
The subsequent processes include : 



J 


Ageing for three daya. 




s 


Dungiug. 






8 


Wincing i 


oold water. 




4 


WBfihiUg 


t a daah wheel. 


5 


Winciug ii 


a solutioiL uf 




6 


Wincing L 


a cold wuLcr, 




7 


Djeins. 






8 


WiDpiug 


u oold WBtec. 





. 9. WnBhing at the duBli-vlioel. 
■ 10. Wincing in aiEip-ivater coutsining a salt of tin. 

. WaeUing at the dush-wheel. 

I. Winding in soap-water. 

1. Wincing in a solution of bleaching powder. 

i. Washing at the daah-wheel. 

1. Drying by the water-aitroctor. 
^6. Folding. 
, 17. Stacchirjg. 
' 18. Drying by ateunL 

' The cloth is then ready for finishing and making 
np. The above lint of processes is applicahlo to dye- 
ing red in madder, though somewhat varied, according 
to tho tint that is to be printed. In the " ageing 
loom " the mordant, by exposure to the air, imdergoea 

L chemical change, by which it becoraos attached to 
fi doth in an iuBolable state. The ^lOceBa u£ " dutvj- 



^^^&| doth in 
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ing " is next omployod, its object being to remove the 
BnperfluoiiH morJoiit or colouriog matter, which would 
otherwise sprend over the surface of the cloth and 
defnco the pattom. This is tLttttined bj passing the 
doth through a weak Bolutiou of cowMlung, contained 
in two stone cisteruB placed cud to end, each about 
6 feet long, 3 feet wide, and 4 feet deep. The ndxtoFe 
in one cistern is formed with 2 gallons of dung to 
the cistern full of water, heated to abont 160' to 180°. 
The second cistern contains nearly 1 gallon of dung, 
The cloth, guided by rollers to keep it free from 
folds, is drawn quickly through the first cistern and 
then through the second. The process 
for alum, iron, and tin mordants, when applied to the 
doth before the dye. 

The dye ia eontaiuod in a vat, through which the 
oloth is drawn on rollers for two honrs and a qnartra. 
The colour attaches itself firmly to those portions of 
the cloth oa which the mordant has previously its- 
pressed, forming with the latter a chemical compound. 
The snbeeiiuent wincings in soap and water and 
bleoching-powder remove the colouring matter, whidi 
feebly adheres to the nnmordanted portions of the 
cloth. 

The above plan of dyeing must be considerably 
nried in coso of printing with a sobstantivo colony 
gnoh us indigo. A '' resist," or "resist paste," 
ORllod, is printed on the calico in this case, in liea 
of ft mordant. Its effect is, to prevent those portii 
of the cloth to which it is applied from acquiring 
when the oloth is pwaed through the Agoi 
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lieck. The portions of the pnttem covered by the 
lesiat coDtiniie whito as before, and it leaves a, white 
design on a coloured gromid. The same result is 
produced by tha " dischftrga style," only iu a different 
mumer. The discharger is applied after the cloth has 
been mordanted or dyed, as the case may be, and con- 
verts ^le mordant colouring matter into a soluble 
product, which is removed by washing. Chlorine and 
chromic acid ore used for discharging a vegetable 
or animal colouiiiig matter ; and aa acid solution for 
disoharging a mordant. A modification of this style 
is the wcll-kno\vu Bandanna stylo for pocket-haiidker- 
cliiefs. In the " padding " stylo, the cloth is mordanted 
all over in a padding machine (sirnOor to a stocking- 
machine), and then a. pattern is printed on in acid, 
producing a white pnttem on a dyed ground. 

If the lineti is finished by the bleacher, he first 
starches it, which improves the appearance of the 
fabric and adds to its apparent strength and thickness. 
The starch at large bleaoh-worka is prepared by the 
bleachers themselves, and is composed of flour mixed 
with, indigo, to give it a blue colour, and with euch a 
quantity of water as is necessary to give the cloth the 
requisite degree of stiSaoss. Faro starch is not always 
nsed, for fine clay, gypsum, Spanish white, or enl- 
phate of baryta is sometimes added to it, to thicken it. 
The starch is placed in a trough, into which a roller 
dipa and lays it regularly and evenly on the cloth. 
The other roUerB of the starching machine (or stiffening 
mangle) squeeze out the superfluous starch, which falls 
^liM^iDto the trough. ^ _ 
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After the clotli has been Btorcfaed, it is dfwd upon 
Bteam-heated iton cylindere, or on elongated frojuoa 
B room heated by steam, at a temperature varying from 
90' to 110^, A piece of cloth can be dried in abonfe 
fifteen minutes. 

The eloth ia now ready for "jSnisAinj." In theNor& 
of Ireland thia \s almost invariably aocompanied bf 
the use of "beetling engines," the 'roar aiid rattla 
of which reaoimd oveT the bleaching green. The 
" beetle " consistB of a number of wooden atockB falling 
upon a smooth stone surface. Motion is communicated' 
by means of a horizontal roller behind the machine 
from the surface of which project numerous pieces 
of wood. As the roller reyolves, these projectionB- 
come in contact with corresponding pieces in the stockB, 
which elevate them to b certain height, when, escaping 
from the contact, thoy fall with considerable force and 
a loud rattling noise upon the cloth underneath. 

A "calender" to give finish to bleached linens waa 
erected at Douglasfiold, in the parish of Dundee, in 
1819, and since then calendering has been applied in. 
Scotland to the finish of almost every class of linens. 
The cluth is slightly damped before being paaaa^ 
through the calender. The damping machine ia fitlaA 
with a box, partly filled with water, within which • 
circular brush revolves rapidly, just touching the buw 
face of the water. The cloth is drawn over the niouili 
of the box by a pair of rollers worked by maoliinery. 
In its progress it is sprinkled by the brushes with m 
fine spray, which deposits a number of small round wefe 
Bpotb on its surface. The cloth is folded by a workmaoi 
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aa it is given ottt by tbe rollers ; and after having beea 
left ia folds for some time the Bpote disappear, and the 
cloth acquires a uuiform dampness. 

The object of cahmleriny, or " cylindering," is to 
impart to the cloth a soft and silky glosa. This is 
effected by passing it over uud under rollers, pressed 
together with an amount of force, which varies accord- 
ing to the surface texture that it is desired to produce. 
The rollers are placed one above the other in a 
massive frnmcwork, and consist of cast iron, ivood, and 
pasteboard. The cloth is first wound upon a woodea 
ojUndor, near the ground ; it then passes round a 
hollow cylinder of iron, then round a pasteboard 
one, then under a massive one of iron, to be finally 
wound upon a wooden cylinder. The iron cylinder can 
be heated by steam or by the insertion of a red-hot iron 
roller. The pressure is applied to the cylinders by 
polleye and levers, the motion by wheels and shafts. 
The cloth is now ready for making up. It is first 
, raeasared, and then lapped in various styles, to suit the 
' different markets of the world. Linen for the home 
j trade is generally folded in thick pieces, containing 
25 to 30 yards each, and ornamented plainly with 
fancy ribbons and devices. Linen for esport is much 
I more profusely omomented ; tickets, with devices in 
gold and bronze upon a blue or red ground, are pasted 
on, presenting a very gay appearance, and mottoes 
I denoting the locality from which the style was de- 
rived aro impressed upon the cloth or the tickets, 
' Those decorations add to the attractiveQess, and at the 
^^^uu time to the price of the goods, bat unt ta l^is 
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roal worth. The writer of the article on " Bleaching," 
in the ' Encyclopasdia Britannica/ shakes his head over 
these " devices ;" but Mr. William Charley defends them, 
on the ground that their signification is well under- 
stood. When the goods have been folded and ticketed, 
they are placed in a hydraulic press, with a sheet of 
pasteboard between the pieces. After being pressed, 
they are packed in wooden boxes, generally made by 
carpenters upon the premises. The boxes are securely 
nailed down and corded, and the nature of the contents 
is indicated by somewhat mysterious looking characters 
painted on the outside. 

The cloth is now ready for carriage to its destina- 
tion, by land or water, or both, as the case may be. 
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Thk cotton plant ib undoubtedly ono of tte most 
wonderful of nature's productions. Had its magical 
iiBee been known to the progenitors of tho human race, 
they might have found in it abetter material than that 
from which their first garments were fabricated. 
Thongh the skine of animals, the wool of eheep, and 
tho hair of goats were oarly resorted to for the purpose 
of clothing the increasing millions of mankiud, the 
valne of tho cottou plant was soon discovorod, and has 
since becomo tho chief material for the dresses of nil 
nations. The fleecy fruit of the wild trees of which 
Herodotus speaks, has been tamed to wonderful account, 
and the patrioi'cbal art of spinning has receiyod such 
marvellous development aai fistenaion by means of 
modem inventionB, us to make the manufacture of 
cotton of uuequnlled importimeo and world - wide 
celebrity, The botany and plant history of cotton 
hoiS over been a perplexing and difBcult question. The 
proper cloBSL&cation, though it has received much 
careful attention, and been made the subject of frequent 
diBcuesions, bos not yet by any means been authorita- 
settled. Cultivated for its precioue (\ug.Uti.«& {at 
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onknonn ^[ce, its wiltl tjpoa and tbeit bubitats are bot 
little known, adUud to whicb the real points 
differenCD are so aligbt, tbat tbe systematic botanist 
bftH Boaively groand to go npoa in tbe determination oi 
speciee and atGnities. 

This much is certainly knows, tbat thi 
great typical diTisions between wbicb no doubt can 
exist as to tbeir real specific difference, to wit, the 
cottons of the New and those of the Old world. No 
person at all converGant with botanical obserratiait 
eonld mistake one fomily for tbe other, and yet wa 
know of but one or two valid reasons for separating 
them. One is, that the seed of the Aaiatio plant 
aenu* black or naked ; in the next plaue, tbe curvatiire 
kt the base of the leaf-loboe is compounded < 
opposite curves, and not purely heart-shaped, as 
case of the occidental plant. Tbe iuciipability of tbs 
two typ<?s to interbreed with each other is also signifi- 
cant, and the differences may be snmmed np \ij 
remarking that tbe stem and branches are slender, and 
what the botanists call terete or cylindrical, not angled 
moreover, as far as is known, tbe true Indian cotton is 
never seen with self-coloured blosBoms, i, o. wanting 
the purple blotch at the base of the petals. 

Aithongh these two families cannot be intercrossed, 
jot tiiey breed with facility amongst tbemselvoB respeo- 
tively, and numbers of hybrid or rather croBs-bred 
aorts have been raised by experimenters, which will bo 
afterwards noticed, and which give great pnjmise ot 
substantial improvement in the plant. 

Each of these two types has from long onltii 
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branched into countless varieties, and ca«b, more 
especially tlie American or occidcntnl, afforJa ua nt 
leaat eufficient material for clasBing thom, if not into 
Species, into very distinct racea of permanent cl:»racter, 

Indian Cottons. 

With the esception of tho curious purple-blosaomed 
ootton-tree or shrub of the Hindoos, and one or two 
wild-looking Borta observed by botanists growing un- 
ooltiTatcd in Scinde, and also in the island of Ceylon, 
&11 the Indian cottons are doubtless much-varied formg 
of one Qoggjipium Jierbaceum. At any rate, this is 
most in accordance with modern hotanical ideas. 
OtMsj/pium aihoTeam, distinguished from every other 
tnown sort by its handsome red pnrj)le bloesoin, has 
been for ages a favourite, and even a repnted sacred 
plant in India. It is grown and carefully preserved 
about the Hindoo temples, and fnrniehet) the Brah- 
rnina with the sacred tripartite thread, the erablom of 
the Trinity of their creed. It bears the popular name 
of Nurmab, or Deo Paroti. This species differs from 
tho other Indian cottons, principally by the colour of 
the flower and that of the seeds, which are covered 
with rich green down or fuzz, as it is called, re- 
sembling in this respect those of the American 
Uplands. The habit is that of a slender small tree, 
and the whole plant, leaf and branch, is pervaded by 
a dusky purplish tinge which ia nlone siifticieut to 
distinguish it. Tho cotton is of good quality and 
pJtivation of it has frec|iieii^, beea attem'^t^d^ 
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but for BOme reason or other it hae never come into 



It would be uapoBsible to paiticnlarize the legio 
of Torietiee into which the second spociee, Gogsypiw 
herbaceum, Indiun cotton proper (Surat), htiB branched. 
It will be Bnf&cient to nanto the leading sorts and their 
pecaliftritics : to the consnnier they ore mnch the 
same oU round, and provided thoj have been well 
cultivated, and the staple be clean, are equally aceepl^ 
able for tho mannfoctiire of a certain class of goods. 
The form best and longest known is that which hae 
also found its way into the warmer parts of Europe, 
and is to a considerable extent grown in the Levant 
and Greek islands. This, when mixed with American 
Uplands, also grown there, forma the staple imjiorted 
thence under the name of Smyrna. The staple is lonf 
(for Indian cotton), rivalling ordinary Uplands inLthi) 
respect, though the quality is harsher. This is the 
form to which Linnmus gave the name of 6os»ffpmm 
herhacetim, and is consi-dered as tho Typo, or Yarietw 
Princeps, of the species. 

It is to bo regretted that the American Uplands, 
Goeai/pium hirsulum, has been much confueed by 
ignorant persons with this plant nodcr the common 
name of Herbaceum or Herbaceous cotton. The great 
drawback to this race of cottons is, that the pod does 
not upon ripening open itself sufficiently to rendci 
withdrawal of the seeds and fibre a qnick or 
operation. The celebrated Dhollera is mainly the 
produce of tliis plant. Another fine breed of Indian 

tons is known by the names of Broach, Oomrawnttei 
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rliich seem to be comprehendecl nnder tlie general 

le of Jurree. Iii these the pod opens itself well at 

licHng time, the plant ia hardy, the staple tolerably 

•lentiful, and the cotton soft and good. 

For the highest qualities the Hingungh&t of the 

K^entral Provinces and tho Berars appears to stand at 

itte head of all. The fibre ia fairly long, strong, and 
■white, is beautifully soft and silky in teiture, aad woU 
ttdapted for spinning. In districts where this Itind 
will auccoed, for it is soniewhat delicate in habit, it has 
no equal. The variety called Bnnnee is grown in the 
■'same districts and appears to be a hardier and some- 
what inferior form of this plant. The North-Weatem 
Provinces have their varioua and peculiar kinds suited 
to their climate, but none of these are at present 
iporablo with the finer sorts of Central India. There 
also cultivated here and there a race of longer lived 
more shrubby habit than virtnally annual sorts 
iraily grown. The wild or supposed wild forms 
to be of this character. 
Two other sorts, of which apecimen bales were sent 
to the Great Interoatiocal Exhibition of ISfll, remain 
to be noticed. One labelled " Cachar " appears to be 
identical with the cotton nsnally cultivated in China, 
bearing rather largo pods of a strong harsh cotton ; the 
other, which waa sent from the Assaaieee hills, bears 
Btill larger pods and even harsher cotton. This curious 
and distinct cotton has been again lately brought 
into notice by the A gri- Horticultural Society of India, 
ftnd Bome interesting experiments have been made with 
a view to ita improvement, showing the value in. this 
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respect, of hybrid intermixtnres. Tliis gremt ooone 
cnrioiis Assamese s^^rt, which from its extreme harsh- 
ness is almost useless, when crossed with Hingimj^t 
andcrir«'>es an extraurdinarr change, and becomes a pxo- 
sentable and useful cotton. The improvement to be 
secured by means of hybridization has scarcely yet 
Ikix-n sudiciently tested, but results have already been 
obtainctl which show the importance of TnAlnwg gtill 
further ef<.>rts in this direction. 



Ajtebican Cottons. 

Tl:o soo>nd CTtat division or group of the genus 
coci^rifks the Lirjor and £ir more valuable races un- 
knovn l,^ the civilizol world before the discovery of 
tlio A:v. : ricas. Thev niav be called the Occidental or 
Ai'j. :ioi'.:i sorts, as distinsruished from the Oriental, 
As::.:ic. i.r Inlian. as tliere is no evidence that any of 
th-:::i ar-j ..i trulv Oriental oriirin, although several of 
til: :v. hive ir^.'iu tii::-:- to time been partially naturalized 
I- l:ia:.i. 

TL.y arv* a: once distinguished from the Old world 
srv:o::> oy sh::r hwr^e and luxuriant aspect, and vigorous, 
wAvly p ..-^h, :be young sh-x^ts thick, succulent, and 
ar.^.cil in or.^ss 5<o::on, and the whole plant giving the 
iA:\i .;i A I^r^r and more highly developed form of 
vej^::A::o". As in the case of the Asiatic sorts^ there 
is ni"oh T-A?;. ;t Iu o nsiitudon and habit for instance, 
in lar.y or l^ie b^:aring properties and duration of life, 
som< kiuis coming into dower in three or four months 
<r^«i the s^xL while others ar« later by many months. 
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being of a slirubby or even tree-like ehoraoter, and 
remaiiiing productive for ten years or more. All mo, 
properly speaking, perennial, though short-lived, the 
only practical dift'erence among them in this respect 
being that the early fruiting kinds can be sown in the 
spring in temperate countries, and picked before the 
frosts, while the later onea are for the same reason 
destroyed before they have had time to come to matn- 
rity. The knowledge of these facts is of the greatest 
importance in the seleetion of sorts for the description 
o£ climate in which it is proposed to grow them. 

Witboat attempting to dogmatize na to what are, and 
vhat ore not, species proper, it may be safely said that 
the whole group may be divided into two great sec- 
tions, to wit, the anooth and the hairy-leaved kinds, 
or, in the language of science, Barhadenee and Hirsu' 
turn; the chief of these two in commercial excellence 
are the Sea Island and New Orleans respectively. 
Under these heads are included several forms or races, 
permanent by seed, and so far entitled to the rank of 
species, with a vast number of culturable varieties of 
every possible quality and characteristic. 

The points of difference between the two sections 
are but slight and few, though of a fixed and invariable 
nature. The Barbadensian, or black-soeded cottons, 
have clear, pure yellow blossoms, with a reddish-purple 
epot at the base of the petals, the flower itself being 
somewhat tubular in form and trumpet-shaped at the 
month. The capsule or boll is distinctly pitted with 
glandular doprosaions, and the whole plant is virtually 
kbions &am the almost total absence of hairs. 
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^^^1 Tho EATtutcB, OT hair; cottons, on the other hand, 
^^^B an more or legs covered with a distinct clothing s£ 
^^H'bairB. The bloi^Boms are white, or faintly primrose 
^^^B coloured, ia one race or tmb-apecies obscurely g 
^^^K tk the baso, and in form widely expanded or patulous ; 
^^^r the boll ia smooth ou the eurfaco, and wanting the 
! deproasionB pecnlior to the other species. I shall call 

them Orleans, or white cottons. We cannot separate 
i| the two by the appearance of the seed, as the black 

^^V cottons are often clothed with a tuft of short liaiia or 
^^^K ftizz at one or both end», and are also, but more rarely, 
^^^P downy all over; on the other hand, the Hirsute group 
^^^ ue also found with seeds black or naked, often f 

the effects of had cnltiTHtion, but in other instanceB 
from the natural habit of the plant. 

These singular changes of character i 
hare given rise to tho belief amongst pltutters, that soil 
and cultivation have the power of eoOTerting the two 
^^^ kinds, mutnally, one into the other ; some of our best 
^^^L authorities have, in fact, for the some reasons, clusej 
^^^^ Ibem together as one species, viz. BarbadeTise. Beceul 
^^^^ experiments, however, eitending over many years, havQ 
1 led to the almost certain conclusion that no true changft 

takes place, each section preserving its real character- 
istics unaltered for generation after generation. 

Proceeding to tho consideration of the chief sorU 

nsed in commerce iit the present day, it is a remarkabls 

oircumstance that, while most of the officinal plants 

- Vid frmts in general use have owed their excellence ti 

B of eulUvation, the two most important kinds 

"1, for which indeed the rest are litUe better t] 
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snbstitutea, seem to hftve Bpning suddenly into eriat- 
enco, endowed with an excollence nhicli liua never as 
yet been eurpBased. These are the two kinds called 
Sea Island and New Orlenna. The Sea Island, which 
is merely a refined and beautifnl form of the large, 
coarse-growing, glabrous-loaved cottons of the Western 
world, was first cultivated in the United States towards 
the close of the eighteenth century by a planter of the 
Dune of Spalding, to whom it waa sent by a friend from 
the Island of Anguilla. It is a plant of delicate consti- 
tution, not a good bearer, but fortunately early in ma- 
turing its produce. The low-lying ielande off the coast 
of Georgia furnished the soft, maritime, and almost 
&ostloss climate fitted for its cultivation, and here it 
flomishos, surpasaing all others in tho unexampled 
strength, length, and beauty of ita ataplo. It was long 
supposed that this lavoiued tract of country was alone 
fitted for its growth ; but of late Australia and the 
Polynesian IslandB are bidding fair to rival the old 
habitat. Sea Island cotton of very high quality hoe 
been grown in the Fiji group and Tahiti, and Queens- 
land appears capable of producing this as well as the 

I other aorts, to any extent, should its cultivation prove 

I profitable to the colonists. 

Leas is known as to the origin of the white, or 

I Orleans, cottonB. The green-seeded race of these 
eeema to have been known in Southern Italy as aoon, 

' or perlmps sooner, than in that country, wLoro it now 
na it were rales the cotton world under the name of 

I " Middling Uplands." There are two somewhat dia- 

^^J^t breeds of the plants ; the one jn&t allM^c>V \a -^SsK 
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^^^B greon suede and hnrdy constitution, the otter with 
^^^1 white, tawTiy, or groyish Boeds {wLite in its best form), 
^^^1 longer, and mom silky ia staple, and succeeding better 
^^H {n the Southern States. The last is known by the 
^^^P iiame of LouisioDa, Mobile, &a, but both sorts contri- 
^^^ bute to the great mass csporled nnder the name of 
Orleuusor Amerieiin. It is probably of Meiican origin, 
A largo and showy form of it is occasionally cnltivated, 
^^^ aud not uutreijueutly sent home by travellers for its 
^^^L size and beauty, under the name of Cuba Vine Cotton, 
^^^H while another kind, bearing yellow or brown staple, 
^^^H Was formerly grown for the purpose of maldng the onc6 
^^^V fiiBbionable nankeen cloths. This has still a special 
^^H market, but is not now imported into the British Islands. 
^^^H 'When the Orleans cottons hayo been cultivated long 
^^^^ in the same ground without due care in procuring freeh 
^^^B seed, they are found to lose the woolly coating which 
^^^H Bhould clothe the soeds, and become otherwise more 
^^^H less permanently deteriorated. Accurate observationa, 
^^^K however, of late years have proved that the staple does 
^^^P not lengthen, as somo have supposed, nor does the 
[ plant when in this condition in any way depart froni' 

the Hirsute or Orleans type. 

The fine Venezuela cottou belongs also to this race, 
for although mimicking by its naked seeds and beautiful 
staple the Sea Island kinds, yet it is stamped by its 
latry habit, pale, self-coloured blossoms, and smooth 
,s a white cotton 

i may also be observed with regard to tha 

"bon, which is undoubtedly a meie 

of the OtlftMis \.^^e,-mtti t\B«.k 




COTTON. 119 

seeds, and of a more shrnbliy and perennial habit. 
Attention may specinlly bo directed to this plant, as 
Baihadeoie has generally been translated " Bourbon " 
cotton. Other plants of this type are occasionally met 
with, but none of eiifiioiently important qualities to 

[ make themselves a name in the markets. 

Intermediate between these and the true black eot- 
tons comes a remarkable raee, best known by the name 

I of West Indian Greenseed. They are ehmbby or sub- 

I arboreous late-bearing plants, possessing the hairy 
leaves and smooth capsnlcs of the Orleans race, and 

I differing only from them by a faint blotch of purple 
at the base of the pale yellow petals. The staple 
produced by these kinds is silky, sti-ong, and good, 
but it has been driven of lato out of the markets by 

. the more profitable cultivation of sugar in the Islande. 
Tile black or long-stapled cottons (Sarbadense) are 
far more varied in form, of every degree of quality, 
and widely spread over all the warmer jmits of the 
world. They are all more or less like the Sea Island, 
which I have taken as their type, but some of them 
possess and retain, by seed, so strong an individnality, 
as to havo bean classed by the older botanists as 
apecies. Of these the fine Peruvian cotton is one 
instance, where the seeds are oftan as mnch clothed or 
fiizzed as those of the Upland and other hirsute sorts, 
and the leaves, especially in the hill countries, are soft 
and downy, but not hairy. Another robust grow- 
ing kind, with smooth leaves and very largo blaek 
seeds, is much cnltivated in Porn, under the name of 

^^bwllo or Creole, and produces tte aD-ca&fti^^'^w^W,' 
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from the port wlience it is ehipped. Bnt cottoQ-plant- 
iiig upon a large scale bae been of late years entered 
into by some Engtisli eettlere, wbo haye introduced the 
best American kinds and cultivated them with sncoess. 

Brazilian cotton, proper, is mainly produced by the 
cnriouB plant known by the name of Kidney Cotton, 
AeumiiuUum of Boyle, Eeligioium, £razt7ienae, and 
Feruvianum of other authors. Although considered 
by good authoritioB as a species, it has little save the 
singular arrangement of its seeds, which lie in a com- 
pact mass, to distinguish it from the other largo forma 
of naked-seeded cotton. Varieties of this cotton, with 
fuzzed seeds and also with brown or nankeen staple 
are sometimes obtained from Parahyba. YarionA 
other large black eeeds, however, of the CrioUo type. 
are much cultivated in tkc Brazils, which add to the 
maas of staple jimported under the name of Braziliaii. 
These last are doubtleSiS forms of the VUifoliam of tiio 
old botanists. 

A good deal of short staple (Uplamls and Orleans^. 
however, has been cultivated from time to time 
countries, and since the opening of the new Sad Paulo 
Eailway, by the esertions of Mr, Anhertin, late Bnper- 
intendent of the works, in connection with tho Cotton 
Supply Association, which furnished the seed for the 
first experiments, a new cotton field has been opened 
up, where Orleans is successfully grown, and now 
holds a place in the market under the name 
"Santos" cotton. 

The late Viceroy of Egypt, the well-known Mehemot 
Ali, introduced in 1821 a hardy but coarser 
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Sea Island cotton into hia dominions, which, though 

inierior to it in quftlity, has yet sufficient length, 

strength, and general properties to moke it an important 

and most neeful staple. It is grown nnder iiiigation 

from the waters of the Nile, and is exported generally 

j more or less mixed with pure Sea Island for the pur- 

pose of bringing up the quality. It ranks as a long 

cotton, and always finds a ready sale. 

I Cotton has occasionally been sent to England &om 

I Afiica grown from the so-called native seed, but it has 

generally proved to be inferior forme of both the black 

I and white seed kinds, and not a desirable staple. Good 

I cotton, however, has lately been grown from American 

seed by settlers from England both in Natal and in 

I other parts of the continent ; and there con be littlo 

donbt, judging from the results already obtained, that 

A£rica will one day become a large and important 

cotton field, A remarkable sjiecies, brought by Sir 

Samuel Baker from Central Africa, said to beai- red 

bloBBoms — quite a now feature in the occidental races 

— may be seen in the collection at Eew. 

With respect to pttblished works upon the botanical 
part of the subject, the most reliable source of general 
infonnation is Dr. Royle's eihaustive treatise, entitled 
I "The Culture of Cotton in India,' where references to 
the various authorities and herbaria are given. Since 
I bis time no other important treatise has ai>peared. Pro- 
fessor Farlatore describe^ the cotton which ho has seen 
I cultivated in Italy in a handsomely illustrated folio 
I with coloured plates and letterpress, but no work of a 
^^unographic cbaracter npoa tbe genua ^tsa '^^'^ \i^&'a. 



122 PEITlSn MANUFACTCnrSG INDUSTRIES. 

executed to clear ap the confaaion existing npoo tliia 
littlo understood and difficult subject. The ewliffl 
botanists aecni to have been ncqnitinted with Bcaroely 
Buy but cultiyated spccimeDs, their habitats as giT«i 
are frequently inaccurate, much copying by one writ* 
from another exists, and species have been prodooed ^ 
combining the charEicteristicB of several sorte, so il 
altogether the old botany is of but littlo interest a 
value except as a matter of emiosity. The plants mnrt 
be studied in their livicg state, in their native habitat^ 
in the cotton field where cultivated, and in our botanical 
glasshuuses at home, by anyone who shall purpose t 
work out a really thorough inveEtigatiou of the subjeoti 
Thifl has been done to a large extent by Colonel T 
Clarke, to whom we are indebted for much o 
sent infarmatiun. Ho has made the plant his BpeciaJ 
stndy, and deserves great credit for his zealous efKirti 
to promote its improvement by hybridization, 
collection of about a hundred living plants of diff«eri 
varieties, produced under his own superintendence, 11 
shown at the London Intoraational Exhibition of 187^ 
' and it is to be hoped that ere long he may be prevailed 
upon to undertake the important task of supplying tl 
much-needed treatise on the different branches of t 
GoBsypium family, which shall remove the confusion il 
which its genealogy is still involved. 
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Amongst Britisli mannfacturing induatriea, there 
18 none perliapa which has sho\™ a more marvol- 
lona development than tlie cotton trade. So won- 
derfal aud rapid has been its espansiou, that it bae 
not been easy to provide ailequatc and steady sap- 
pliea of the raw materiiil requii'ed, and much anxiety 
has from time to time been occasioned, whenever 
these have teen threatened with diminntion or inter- 
mption. The possibility of a cotton famine has been 
sternly demonstrated, and thousnjids were for a season 
deprived of employment aud the means of subBist- 
once. Tho achievements of Watt and Ark»mght, of 
Kay and Cromptgn, of Hargreaves and Oattwrightj by 
reduoing the cost of manufacturing processes, and con- 
tributing to the production of cheaper and more per- 
fect fabrics as anecesBary consequence, speedily led to 
their more extensive uee. The astouighiug progress 
wliich followed the introduction of the " Spinning 
Jenny" by Eiehard Hargroaves in 1767, and the me- 
clujiical inventions which afterwards I'apidly came into 
operation, made it necessary not only to seek new 
markets for our manufactures, but also more abundant 
supplies of the raw material req^nired to produce them. 
The average annual import of raw cotton from 1771 to 
1775 was about 12,000 bales of 400 lb. each, but from 
1796 to 1800 it had increased to nearly 9i,000 bales of 
the Bame weight. Until tho commencement of the present 
, America contribntcd but a very ioBi^i&^^l 
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portion of the cotton, consumed. It is related that " in; 
1784 an American ehip which had impoited eight bagi 
of cotton into Liverpool was eeized, on. the pica that b9 
much cotton could not bo the produce of the UnitejE 
States." By the year 1800 the American imports were 
nearly 45,000 bales of 400 lb, each. At the close of tho 
war in 1815, whea the prospects of foreign trade begaB 
to brighten, and lead to an increased demand for anx 
manufactures, the production of cotton in the United 
States received a fresli impetus, and the subsequent 
progress became continuous and rapid. The lead theif 
taken by the Southern States was steadily maintained 
for nearly half a century, all competitors were 80<M 
distanced, and a virtual monopoly was eventually estii 
blished. Increased production brouglit with it Iowa 
prices, and cotton worth 22d, per lb. two years before, fd 
in 1819 to 12d., and subsequently in 1848 to 4 Jrf. per 11 
Although dnring the tsn years immediately prGcediii{ 
the American civil war the growth of cotton in Indi 
had been largely increased, still the Southern State 
continued to maintain the ascendency, until in ISfi 
about 85 per cent, of the quantity of cotton consumei 
by our manufacturers was derived from this one sonroa 
Its cessation, occasioned by the attempt of the Sonthen 
States to establish their independence, brought abon 
the cotton famine with all its losses and snfferings, ani 
gave a &esh Btimulns to the exertions of the Cottoi 
Supply Association, which had been previously eBt» 
blished to promote the growth of cotton in other couh' 
tries, especially in those under the dominion of ths 
Ituh Grown. By its inatrmnentality the world 
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ransacked for cotton, new aourcea of anpply were 
opened, and otliers, wLicli had previouBly grown but 
little of the much -needed staple, became important 
oontribntories. The imports from India increased 
tlireefold, and from Egypt, Brazil, Turkey, the West 
Indies, and other quarters in a similar proportion. The 
annexed tables, exhibiting the imports and consump- 
tion during the periods specified before and since the 
American civil war, as compared with the early part 
of the present century, afford a striking illustration of 
the rapid development of the cotton trade. 

(jOTTOff GiNNINO 

Is the process by which the seed is separated from 
the fibro or wool. The lobes in every bnll of cotton 
contain seeds regembliug unground coffee, which, when 
reaiovcd, leave only about one-third of the quan- 
tity gathered &oni the tree in clean cotton, that 
is to say, two-thirds of the cotton grown and picked 
consist of eecd, and one-third of the raw material £t to 
be used by the manufacturer. The process of sepa- 
rating the seed is performed in various ways, and is still 
BUBceptible of further improvement. The most primi- 
tive machine for the purpose still in use is the Indian 
Churka, employed extensively by tlic Hindoos, and found / 
in Italy under the name of Manganello. It consists of 
two rollers made of hard wood fised in a rude frome, 
through which the cotton is drawn and the seeds forced 
out in the process. The operation is tedious and 
bborioos, and the quantity of cotton that can thua be 
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cleaned by any one machino exceodingly Bmall. The 
fibre, huwerer, ia not itijurod, except In some slight 
degree by tbo curl which it receives in passing throng 
the chiirka. Vnrioos attempts have repeatedly be^ 
mode by monns of iron or steel rollers, grooved loogU 
tudinally to increase the out-turn, but with no 
factory results; and the inaufBciency of the choiba, 
whether worked hy baud or power, to clean any large 
quantity of cotton, bos been fully and clearly demon'? 
atrated. 

In 1792 Eli Whitney, an Americanj initiated a neir 
Bystem of ginning by the invention of the Ba 
which consists of a series of saws revolving between 
the interstices of an iron bod upnu which the cotton is 
placed, the fibre being drawn through the slits in thft 
bed, leaving the seeds behind. This invention realizect 
the object sought by cleaning the cotton with grei 
rapidity and at less cost than previously, but in 
process the quality was considerably deteriorated lq| 
being cut and "nepped." Numerous attempts have si 
been mode to remedy the defects of the machine, but 
though there has been considerable improvement si 
the days of Wliitney, and the eaw-gin is still in genenl 
use in the Soathem States and elsewhere, there is el 
much ground for the complaint that the fibre ia inJQie^ 
and the value of the cotton depreciated by this mode o 
ginning. This is especially found to be the case in all 
long-stapled cottons, such as Sea Island, Egyptian, and 
Brazilian, The special recommendation of the saW'- 

in is the large quantity of work which can be done. 

y it, and if such improvemeata coold be efEeoted i 




COTTON. 139 

would prevent mjnry to the staple, nothing better 
could be deaircd. There is Btill hope that this may 
erentunlly be done, and a recent American inTention 
kpown ns the "needle saw," consisting of steel wire 
set in block tin, leaving the bottom of the teeth round 
and Hinooth, which, it is said, will prevent the fibre 
&om being cut and nepped, may possibly contribute 
towards the realization of this hope. 

The great competitor of the saw-gin is the 
Macartby gin, also an American invention, a machine 
of simple constniction, iatended to be capable of clean- 
ing large quantities of cotton expeditiously without 
occaaioning any injnry to the staple. In this machine 
the cotton is drawn by o. leather roller between a metal 
plate called the " doctor," fiied tangential to the roller, 
and a blade called the beater, moving up and down in a 
plane inunediately behind and parallel to the fixed 
plate. Whilst the cotton is drawn through by the 
roller, the seeda are forced out by the action of the 
morable blade. Since its introduction numerous modi- 
fications of the Macarthy gin have been made, and iu 
some cases the movable blade or knife is made to 
work horizontally instead of vertically. Attempts, 
more or Icgs successful, have from time to time been 
made to improve the original Macarthy gin, so as to 
increase its capabilities of cleaning large quantities of 
cotton quickly. This is the aim of the double action 
Macarthy, with a double knife arrangement, or two 
movable blades or "beaters." The "Knife-roller" 
gin, the " Lock-jaw " gin, and others have been intro- 
^^^ued as competitors to the Eaw-gin, •m\nc\i,'W««sibT, 



130 BRITI.^II MASUFACTURrSG IXDTJSTErES. 

continues still to be generally need in the cotton-grow- 
ing territorioe of tLe United States, though there is much 
room for tho further exertions of inventors to improve 
the mat^hinery required for the operation of ginning. 
Both cotton spinners and cotton growers are interested 
in the production of the most perfect cotton-cleaning 
machinery, the former well knowing how mach thoir 
work ia facilitated or hindered by the way in which the 
raw material UBed in their mill^ ie prepared and sent to 
market. Nor are they alone concerned, for the culti- 
vators of cotton ai'c greatly benefited hy such improve- 
ments as tend to economize laboQr and to enhance the 
valne of their crops, Often has the deterioration in 
the quality of cotton occasioned by had ginning been 
BO great, as to cause serious loas to the producer, 
especially in tho longer staples. Freijuently have 2d. ■ 
and even id. per Ih. been thus Bacrifioed, and cotton h 
been benight at lOi.perlb. which, had it been proper^V 
cleaned, would have been worth as much as la. 6dt| 
1 The rivalry so long maintained between the sa« 
and tho roUcr-giu has had the effect of stimulating tlwl 
zealoas advocates of each to make Htrcnuous exortiontl 
to promote improveraonts, and whilst both machineBj 
have thns been rendered more efficient than they oncaV 
were, there is still ample encouragement for furthsfl 
efforts, which in proportion to their success cannot fail V 
to be appreciated and rewarded. 
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Cotton SprNNiHO. 

Cotton Spinning comprieeB the various processes by 
which the raw material is converted into yam to be 
ttfterwardB woven into cloth. Though of great anti- 
quity, it was, until about a century ago, performed 
solely by hand, by the simple and rude appliances 
which are still to be found in Eastern countries where 
progress and civilization bave but little advanced, but 
which have beoa entirely superseded in these Western 
regions by the marvellous inventions of modem times. 
The ancient and venerable occupations of former days, 
when the skilful " did spin with their hands," and the 
wise made diligent use of the dietaflj have disappeared 
from amongst us. In our familiarity with the inven- 
tions winch have been so long in operation, we are apt 
to overlook the estraordinary character and importance 
(d the revolution which has thus been efi'ected. 

An abortive attempt to introduce machinery was 
made in 1738 by John Wyatt, of Birmingham, but it 
WBB not till 1767, on tho introduction of the " spinning 
jenny" by Kichard Hargreaves, tliat any real progress 
was made. Since then, the achievementH of Watt and 
Arkwright, of Kay and Cromptoa, of Hargreaves and 
Cartwiight, and other less known inventors have car- 
ried the process of cotton spinning to an astonishing 
degree of perfection. 

Tho raw cotton, which is received in bales, baa first 
of all to be opened and thoroughly mised, in order to 
regularity which might, arise imai ^ SySkv- 
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ence of quality. This process is performed by spread- 
ing out the contents of the varioue bales in layera 
one above oiiotlier, and to ensare thut & portion 
each layer vhaW, be iii the opening machine, vertical 
sliccB orotalcon&omthestaekof cotton or "misiiig" and 
placal in ptisition to feed the " opener." Thia machine 
is need to bre&k up any bard lumps that there may be, 
and to remove any dirt which the cotton may ci 
Different machinee are employed for the purpose, 
bearing variouB desigoationB, such as " Oldham Wil- 
low Opener," '' Porcupine Opener," " Lord's Patent 
Opener," " Crighton's Opener," &o. The action of the 
opener carries the cotton, first placed on a feeder, for- 
ward by a combination of rollers, and before delivery" 
by theee rollers, it is struck several times by revolving 
blades or teeth, which serve to loosen the fibres, 
at the sanie timo disengaging the dirt, and allowing 
it to fall through grids, which allow the impnri- 
tioa to pass but retain the fibre. The draught caused 
by a fan carries the cotton forward to cages, v 
it is delivered to the lap machine. The scutcliin^ 
and lapping machine is designed to effect a farthai 
separation of the fibres of the cotton, and to removt 
such refnse material as may still remain. Thf 
cotton is loft by tho opener in a fleecy state, but l 
moans of the scutcher, to which a lap machine i 
attached, it is formed into a roll or " lap," preparatory 
to the operation of carding. Scutching is necessai; 
to the formation of a level lap, but if long-stapled! 
cottons are blown or acntcbed too much, they are 
L'able to become " stringy ," sjid therefore Bpc 
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in feeding is necesBary. The scutcher, which was 
iavented and brought into operation early in the pre- 
sent centnry, is now made with two, three, and, in 
some cases, even with six beaters, and is found to 
anatrer so satiefactorilj, that machinists differ bnt 
little in its construction. Aa Indian or Surat cotton, 
from being too tightly pressed, sticks together in cakes 
when opened, as if glued, and can be torn asunder with 
difficnlty, stoaniing has sometimes been resorted to be- 
fore Bcntching, hut this espodient is now seldom em- 
ployed. TLo scutching process ranks in importance 
next to that of cording, and must be regulated both 
by the quality of the cotton used and the numbers 
of tho yarn intended to be spun. 

The most important operation in cotton spinning is 
(hat of carding, which comes next in order. After 
the raw material has passed through the opening 
kud Bcntching machines, the fibres are found matted 
together or lying in different directions, and they 
mast first be stretched out and placed parallel to each 
other, before they can be spun into a thread. From 
their tendency to curl, repealed brushing or combing 
ia necessary, not only to place the fibres straight, 
but to remove such as are short in length, as well 
la the neps and any other remaining impurities, 
vhich might tend to injure the yam. If the inven- 
tion of the carding engine cannot be ascribed to 
Arhnright, its improvement must unquestionably he 
attributed to him. The principle which he established 
Kmains essentially the same, and is in operation 
whatever kind of carding engine maj "te sAoij^Ki. fc^ 
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Inrge filmier is tnade to revolve in an iron frnme, 
portly snrroiinded I>y rollers and clearers, technically 
tunned " flats," wWcli are clotbed with cards coTCred 
with fine wire point* set as closely to eftch other as pos- 
sible witiiout actually tonching, the wires of the main 
cylinder and of every alternate roller Ixjing set in 
opposite directions. The lap from tlie blowing m*- 
chine is tnmed into the carding engine by a pair 
fluted feed rollers, and is broken up, a cylindw of 
abont 8 inches diameter (called the breaker) revolTiiig 
qniokly close to the feed rollers, off which the cottOB 
is taken by the main cylinder and passed on in this 
way by the rollers and clewers. nntil it reaches tl 
doffer or doffing cylinder. The fleece of cotton 
taken from the doffer by the comb and is then calli 
the sliver; and this, passing throQgb a tmmpet-monthi 
aperture with the fibres laid out in order, is ooile^ 
into the dofGng tins or cans. It is of importanoe thai 
the cylinders be perfectly tme and well balanced, ant 
that the wire cards be freqnently and accnratel] 
groond, so as to keep sharp points. A most ingemoa 
and sncccssfnl piece of mechanism, called a combing 
machine, first invented by a IiVeDchman named Heilsa 
mann, abont thirty years ago, bat greatly improved 
since its introduction into England, is now in eztensii 
use amongst the fine spinners. For medium coonts i 
fine quality it is also sometimes used after the breakt 
carding engine, and instead of the finisher card, wherd 
a superior qnolity of work is required. 

The ]irocessea of elongation or attenuation are ca 
rted on throngh the drawing, stubbing, intermedial 
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and finiehing roving fnuneB. The drawing framo 
comos into operation after carding, and ia a machino 
for atmigLtening and laying pai'allel the fibres of 
cotton. In it the procees of doubling is commenced, 
and the cotton is drawn out, ae the name indicates. 
This ie effected by doubling and drawing out the 
Blivera repeatedly through succeaaivo pairs of rollora 
with which the drawing frame is furnished, the lower 
or bottom rows being fluted, and the upper or top 
lollers covered with flannel or cloth and leather 
neatly cemented together, and weighted down to the 
under rollers, so as to ho driven by friction from the 
lines of under rollers. There are generally four rows of 
rollers in each drawing box, and three drawing boxes 
to each drawing frame. Six ends or slivers are, as a 
rnle, put up to each box and drawn down into one by 
each line of rollers going at an accelerated speed, the 
front roller revolving about six times faster than the 
bMk roller. The first doubling being 6 into 1, the 
nest will be 36, and the third 216. Fine spinners will 
sometimes have four hoadu of drawings and double 
8 ends into 1 at the first head and 6 into 1 afterwards, 
which makes the total number of doublings in the 
drawing frame 1728 ; hut coarse spinners will some- 
times only have two heads of drawings with 36 doub- 
lings. The drawing frame, on account of its great 
speed, requires to be " scoured through " or thoroughly 
cleaned more fref[uontly than any other machine in a 
cotton factory. 
The operation which follows the drawing is that of 
mg, where the sliver has a ceitaui umooxiS. lA. 
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twist imp&rteil to it, and is wound on & bobbin. Thai 
filnLbing &tuiie is k machine nliich first draws out t' 
eud or sliver from tLe lofit Iicod of the drawing frame,! 
by means of tlu«e pairs of rollers ; uid this is twistedl 
u it emei^ce from the &ont line of rollers by means a 
vertical spindles and flyers, which at the same timel 
wind the ends npou bobbins iu Bnccessive layers. 
the bobbins fill and increase in diameter, they are 
gradually slowered at each lavet by a very ingenioiis 
piece of mechanism, known as " the 8im and planet 
motion," consisting of a large wheel within which two 
other wheels are made to work, the interior one having 
a regular motion, and the sun-wheel being driven from 
a pail of cone drums with a rate of speed constantly 
decreasing. Thus the slubbing &ame answers three 
purposes : it draws out the cotton, twists it, and winds 
it upon a bobbin, the first being done by the roller^ 
the second by the spindles, and the third by the flyen 
and pressers. The intennediate frame follows the 
slubbing frame, which it resembles in constmction, 
though it has a larger number of spindles and smaller 
sized bobbins. Instead of having cans pnt up at the 
back, it has what are termed " creels," in which the 
slubbing bobbins are put so as to bo drawn off throu^- 
the rollers of the frame and doubled two into one. 
is called the intermwliato frame, because it coi^,, 
between the slnbbing and roving frames, whenever the 
numbers to bo spun exceed 20's. Spinners of low 
numbers or counts seldom ubo this frame, but set the 
slnbbing-frome bobbins into tlie " creels " of the roving 
frame. Though attempts have been made to d 
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r with its use in spiimiug numljerB up to SO's or more, it 
has not been fonnd espedient to do bo, «nd it is still 
retained in bucIi cBBce by tLe best class of spinners. 

The roving frame resembles in principle the slub- 
bing and intermediate, and is the last required before 
the operations of spinning, strictly so called, com- 
mence. It has a greater number of spindles than either 
of the two preceding frames, seldom less than a 
hundred, and sometimes over two hundred, these 
spindles being set closer together, and the bobbins 
ciborter and finer than in the intermediate frame. The 
degree of elongation completed by the roving frame is 
technically described by the number of hanka roving, 
and the thread of a certain thickness is eallod so many 
hanks roving. In the epinning of fine numbers or 
counts, the " Jack frame " is used for a second roving, 
making a 30 or 40 hank roving from the bobbins of 
the first roving frame ; that is to say, these fine roving 
frames occasionally make rovings as fine as 30 or 40 
hanks to the pound. 

In the spinning operations proper there ore two 
kinds of frames or machines in genoral use, viz. 
throstles and mules. The contemporanoous inventions 
of Sargreaves and Arkwright, thongh at first on- 
countering violent opposition, contributed, in conjunc- 
tion with the invention of the mule a fow years later 
by Samuel Crompton, to bring about speedy and im- 
portant changes in the process of cotton spinning, and 
have since given to this branch of our national industry 
K development which has been the wonder and admira- 
t£ the world. This lemaikabVo ^Kigta^a S&, lA 
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ivaRk\ also to be largely ascribed to the inyention of 
tho sioam engine. 

The ihrv>ci^ile« an extension and modification of the 

v^rt^iual spiuuiug franie^ first called the '' water frame " 

is ciurlv>yt\l in the spinning of yarn for warps, and the 

T^irti :>«.^ spun is still known by the name of "water 

twvs:«" Whether the designation " throstle " is derived 

frv^zu the hoLiniing or whistling noise made by the 

u::i*cb.;nc whilst at work, as some persons conjectnre, or 

tTv'zu s«.'c:^' osher caose, has not been anthoritatiyely 

s^'S:I^\i. Since ::s inT^nticvi by Arkwright, numberless 

asSv'Liiycs bdivv Kvn. niade to e£«?ot impioTements, but it 

s::V. r\*££:Aiu;> in principle the ame. and the conmion 

ih.r^.t^aIc is di^in^:ii>hed amongst spinning machines 

tVr :5? sinipliv-irr. Tbe t2iiv«cle-finime consists of a 

v'JxvL vVitSiiu-n^ ;h!e bcbbis^s from the roTing firame in 

5 be >xiJL:r\\ bdkvinj: on cwh side a scj of thnee rows of 

rv^IVirss. :Jrt.';ji^a waich iLe roxing is passed or drawn 

.^3 ^» uc r\»j^.x.lrvd :£ii!i:k:u.es& The Kxfiom rollers are 

:va iuxxL Aiivi ^e :v*o ocae* are coT^aKd with leather, 

iJc >:x\\i 'xi.'j;c $c *d;:i5said. ^^ iie Cxnt rollers moTB 

•ik>»:<.i' :.i*ct :Iiv'«>c Saijasl ^m. Beljw dsse rollers on 

>.4KAi Niv^' 5^ ji TV* cf spissdjt^ ined wi:h bobbins^ and 

s>ti :Iic 3x»^> .X ^v> s^i::idjt^ ly^ecs are screwed, roond 

^» Ij.vlI uyc ^Iirvifci ^M<s^*$ iaad is. rvisced by the ^andles 

r^^v^^ ii^; .i5 .i ^r^^M vvuLXi^y. woilsc 15 is lapped upon 

iW \ Lv\u >* u>^ dVvr*. T!te j^kl spaa izpon the 

viiiv'^^.-c '>*s. :u^ alji^f cluiwr iwtsoed «tii:i ^kiu ^on upon 

Ik .uu:^ attil i» mMH hc^miimiI iSiir cectaiii parpoeeB, 

s^^iKNuO, ^tiMnLikMii&d Ituaer. TkiusOB 

.^^<WM( mfr trnit tttta Bmle jub, and 
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I for worpB ; but tLe range of tliroatles is ) 
; couHta seldom esceeil 30'a. The mule, 

1 the other hand, will epin both twist aud weft, and 
aB high as No. 80's, while finer nnmbere can be spun 
by hand-mules. Mule ynrn is softer and more woolly i 
in texture than tlirostle yam, which arises from the 
vibration of the thread as the carriage ie drawn out 
from the rollers. Throstle yam always commands a 
better price thou male yarn, hut it also costs more in 
maehinery and power to produce it. 

The ring spinning frame, of which there are several 
Tarieties, is chiefiy used is America. 

The mule, or mule jenny, the invention of Samuel 
Crompton, difibrs &om the throstle ia having the 
Bpindles placed in a carriage moving backwards and 
forwards. The twist is put in as the carriage recedes 
or is drawn out, and the winding of the yam upon the 
oop is performed by a separate motion as tho mule or 
carriage moves up, the principle of drnwiag being the 
Bome in both throstle and mule. Instead of bobbins 
the yam is wound on spindles, in the form of a cylin- 
drical cop. Whilst throstle twist is used only for the ' 
warp, mule twist can be used either for the warp or 
weft, to fill up the waip in weaving, and finer counts 
can be spun on the mule than is possible on the 
throstle, the finest and most delicate yams being spun 
upon the mule. The cost of hand-mule spinning 
having been found to be so much greater than that of 
any of the other processes in the pi'oductiua of yam, 
stimnlated the ingenuity of mechanics to discover some 
: diminishing that item oi Qi^gcuab, %tA i^co^ 
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IJancaBhiio, it has extended to other districta in the 
three kingdcims, and from its vast proportions it has 
become of Imperial importance, and its prosperity or 
depression is felt far and wide. It has in its develop- 
ment afforded fiill scope to inventiye gcnins, which has 
achieved in connection with it some of its proudest 
trinmphs. It has to a remarkable extent been the 
nleans of raising men from poverty to wealth, and 
from obscurity to renown, whilst it con exhibit no 
insignificant roll of illiistrious cbaractere who by their 
originality, sLrewdness, and talents have rendered good 
service to their country as patriots, legislators, and 
men of science. Happily, too, the raw material re- 
quired in this great branch of British industry has 
ceased to be the product of forced labour, and the wail 
of slavery no longer mingles with the whirl of the 
spindle. Future generations, in looking buck upon the 
sufferings of the cotton famine, will have cause to 
rejoice that since that time our manufacturers have 
ceased to be indebted to slave labour, and that a system 
so revolting to humanity has for ever been swept away. 
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Br B. F. Cobb, Sectalary to the SUk Snpply AssociatioD 

1 prodacfi of the silkworm, pFmcipolly Bombyti 

!, is the strongest, most beautiful, and most tena- 
I eioue of nil fibres. Its use diites back to periods of 
b-Temote antiquity, for, if we may believe the Chinese 
I Ustorians, the art of reeling and working silk was 
r known ao far as tho time of Foh-hi, which would be 
r 11 century before the date usually assigned to the Biblical 
Deluge ; and it is almost certain that 2G00 yeara before 
tho Christian era the Empress 8ee-ling-chi, wife of the 
celebrated Huang-ti, not only superintended the rear- 
ing of tho worm, but also the manu£Lcture of the sUk 
produced. She has in China the credit uf having 
inveiitod the loom, fur which she holds there the posi- 
tion of a tutelary genius, with special altars of her 

The present province of Shang-tung, the country of 

I Confucius, is said to have heeu the diBtrict where the 

I cultivation of silk first flourished, and from whence it 

\ fipreod to the Corea, and was imported to Japan about 

03 or seven couturics before the Christian era. 

In spite of every precaution, the art appears to have 
I extended beyond the empire both west as well as east, 
l mitil in A.D. 400 it became domiciled in Northetn India. 
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It is raid that a Chinese princess curried the seed of the 
mnlbarry and egge of the worm iicross the herder in 
the lining of her head-diess, as she went to join her 
betrothed husband. 

From the records of the Hoh. East India Com- 
pany, wo find that in a.d. 420 gilk was produced in 
Khotnn, from whence we may assume that it passed 
to Bokhara, Ehiva, Samarcand, &c., &c. 

Til the sixth century, both the rearing and manu- 
facturing were established in Persia, and spread, as far 
as the joaloiisy of the Persians would permit, along the 
Bonth shore of the Caspian Sea, In the sixth century 
the silkworm was introduced into Europe direct from 
China by order of the Emperor Justinian. Gibbon 
relates how two Persian monks, who had been long 
resident in China, were enconraged by the emperor to 
return, and how they " again entered China, deceived a 
jealous people by concealing the eggs of the silkworm 
in a hollow cane, anil returned in triumph with the 
spoils of the East." 

The industry took root in Greece, at Corinth, Thebes, 
and Argos, but does not seem to have spread. The 
Moors also introduced it into Spain, although whether 
they derived the art &om Persia or Greece is not 
known. 

According to Gibbon, it was token from Corinth 
to fiioily by the Nonnans ; for he says, " This emigra- 
tion of trade distinguishes the victory of Eoger from 
the &iutlosia hnstilities of the age." This wonld be 
about 1147 A.D. 

tBtonal revolutionB and domeatia tccnib\«s,V•^^«:^«^'I^ 
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the cultiTntion U> migrate to Northern Italy, 
wliore the wont) seems to hiive found a moet 
gbtua] hnbitat. It was nut until the Bixteenth ceuturf 
that the indnstry was faJrIj intriH]uced into Franca 
hj Francis I^ who, obtaining seed from MHan, 
mcnced the rearing in Lyons and the valley of the 
Bhoue, where it still flouriBheg. 

The^ manufacture of silk in England dates from 1586, 
when the sock of Antwerp by the Spnniards droye 
awny Flemish artizans to England. This industry 
reoeiTed a further impidse a century later &om the 
reTocatton of the Edict of NanteB, when a large body 
of French weavers cmigratt'd and settled in Spital' 
fields. The indnstfey has always been fostered by 
Govemrocnt, although it is doabtful if it would not 
have been much more vigorous and successful if left to 
itself, Spitalfielda and distreBS seem to have been 
good deal associated, notwithstaiiding this fosteriiii 
care of difibreut governments. 

One of the methods adopted to improve the condi' 
tion of the weovcrs .was the encouragement to planters 
in our American poBsosBions, by offering bounties OB 
raw silk imported from thence, during the twenty-one 
years succeeding 1769. For the first seven years 
was to be piiid for every lOOZ. value of raw ailk; in tha 
nest seven, 201. for every 1001. value; and in the last 
seven, 151. for every 100/. 

This was not the only attempt made to promote thft 
breeding of silkworms in America. The Governor of 
South Carolina, as early as 1765, offered a premium of 
five hundred dolhira to the first who should prodi 
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n ponn^ of sxifc grown in the " province," as it wm 
tlien termed ; and many persona tried to gain it, 
among whom wiis » Fronchman namod St. Pierre, who 
tirought to this country a sample of silk grown in that 
state, which was pronounced " Buperior to any imported 
&om Italy." CuriooBly enough, while a bounty was 
ofiered to promote the cultiTatiou of the raw material, 
a duty of three shillings per pound was levied on it 
when imported into this country. 

At this time, the illustriona Franklin, then in Eng' 
land, suggested to the recently institntcd "American 
PbiloBOpIiicnl Society," of which ho had been elected 
the first President, the establishment of a filature. 
That learned body took the matter up warmly, a fila- 
ture was erected in Philadelphia, and the cultivation 
of silk encouraged in Pennsylvania, apparently with 
much Bucoess ; for we learn from ' Hasard's Eegistei of 
Pennsylvunifl,' that from 25th of Juno to the Ifitb 
of August, 1771, 2300 lb, of cocoons were brought to 
the filature. The war of Independence put a stop to 
silk cultivation. At present California ia the leading 
state for silk cultivation. The 'Alta California' in- 
forms its readers that "the Califomian Silk Culture 
Company, near Sacramento, is exceedingly fiourishing, 
has raised 3,000,000 worms, and has for sale some 
4000 ounces of eggs, of tho well-known French variety; 
the eggs are worth in the neighbonrhoud fonr dollan* 
per ounce, and the raw silk ton dollars." 

The rearing of tho worm in Engloiid has been tried 

n several occasions, the most important of which was in 
1825 by tho British, Irish, audColoiuaYSiSkCaos^Mvi, 
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iritli a capital of one million Eterllng. It does not 
appear to have prospered, althougli smaller attempts 
by private individual b, generally araatourB, bavo Boo- 
CMHHlod better. At present the cultivation of silk 18 
deservedly attracting mneli attention in the colonieE^ 
I we find New Soutb Wales, Victoria, Qeoenslandf 
Now Zealand, and Soutb Africa, all sending specimens 
to the Exhibition of 1873, and many of them very 
fevourably reported upon. Some of the East Indian 
•nd Pacific Islands have made also successful but 
Bpasmodic attempts. 

The value of the cocoons grown in the whole world 
n 1870 was said to be as follows : France, i,33i,O00I.^ 
Italy, 11,260,000^. ; Spain, and other Europea 
countries, 984,000Z. ; giving a total for Europe ( 
16,588,0001.; China, 17,0OO,O00Z. ; India, 4,800,0001;; 
Japan, 3,200,OOQi. ; Persia, 920,000^. ; other Asiatift 
Btates, 2,192,000/. ; giving a total for Asia rf 
18,112,000/.; Africa, 68,00 Oi. ; America, 20,000(.f 
making a general total of 44,788,OO0Z. 

Silkworms may be generally divided into two de- 
BCriptinna' or classes : the " Bombyx ■mori" or mul- 
berry-feeding worm, from tho cocoons of which i 
reeled the ordinary " raw silk " of France, Italy, Indi*,; 
China, and Japan ; and the Tussah worm, whioh feed* 
upon certain descriptions of oak, ailanthua, castor--oii( 
plant, &c., Ac, the produce of which was little heard a 
" 11 this country nntil recently, and, but for the outbre 
of the silkworm disease in Europe, would probably hai 
remained in India and China, although it had be< 
utilized in both these countries for many centuries. 

Anoth&c result of ibe lOi^&gea oi &^ Aluyteaj-^ 
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mode its appearance to an alarming extent in 1854, 
was the trade in Japanese eggs (graine), with the view 
of introducing a liealthy stock to replace the native 
rnoea fast dying out ; and it is stated that in 1865 
nearly three millions of cards, or as many ounces of 
seed, were exported from Japan to Enrope. 

In 1866 the quautity waa 950,000 

1867 „ ,. 850,000 

1608 „ „ 2,300,000 

1809 „ 1,390 000 

1870 „ „ 1,365,000 

ThB export of silkworms' eggs in 1869 waH, to 
France, 3776 cases; to Italy, 2583 cases: gross 
weight, 319,829 lb. avoirdupois: in 18T0, France, 
3900 ; and Italy, 2309. 

Estimate of 1869. 
The gitm weight for 100 ciirda heing found 

to be 2.1 lb. on average, 319,829 lb. give crda. 

a total export of 1,390,500 

Or an averngu number of 220 cards per case. 
k^Tbe rotnma of IheCnstniD Hauae for export 

duty pnid give a total of 1,300,000 

"~ 1 dftily returns for arrivals, settiements, 
and stocks, from -luiio 28 to December 1, 
- leaalt in tola! 8i;ttlemeulfl of 1,420,000 

The following may bo oonaidered reliable on the 
Eabjeut of cocoon : 

I card jBp^LTiese eliould produce 40 ktlos. of freeb cdoooub. 
1 card equflU 23 to 'ii drnobmn of seed. 
15 kilos, of fresli Japan coouona = 1 kiln, of silk. 
* „ dried „ =1 „ 

Icardahoulil prod nee 2 kilos, per 100itac\vTnB«tKO&^,'«'xi\'2&, 
V«((ie raJneof 120 frs. per kilo,, cquaVal^.steA^-"?.- 
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The resnlt of tho disease in Itatly is ahown bf 
ibe foUowiag Tftblea, calculated for bales of 102 lb. 
woigbt : 

ATenge prodm^Uon prior to the di^ense, 81'600. 
1803.. .. Bales, 50-600 .. DeQcit, 38 per cent. 



1865.. .. 


„ 38-700 .. 


5^ 


1866.. .. 


„ 39-600 ,. 


fil „ 


186*.. .. 


„ 41-000 .. 


16 „ 


1868.. .. 


„ 41-000 .. 


. 49 


1863.. ,. 


„ 17-301) .. 


. 42 „ 


1870 .. .. 


., 69-B0(r .. 


1* 


1871 .. .. 


„ 76/300 ,. 


n « .. 


1S72., .. 


„ a(t-000 .. 


16 



Calcnlatione having reforeace to the rearing of sillf 
worms aro usuallj understood to apply to one on; 
" groiue " or oggs. For esamplo, the following Table^ 
oompileJ to show the weight of miilherry leaf cwi; 
aumed, and the space required in etjuaro feet daiiil| 
the different stages tlirough which tho worm j 
are all thus calculated : 



Thus from the hatohiug of 1 oz,, the y 
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daced consamed dnring ttirty-one or thirty-two days 
about 1500 lb. weight of leaves. 

By the open-air process, now BO much adopted by 
the rearers of M. Roland's regenerated races, the length 
of time required for the roaring is less easily calculated, 
cold weather retarding the progress of the worm, which 
may be protracted to forty days without injury to the 

At the end of the last stage the worm " mounts," 
that is to say, ceases to feed, climba up from the feed- 
ing tray to the " bush," " echellette," or whatever may 
have been prepared for it, aad spins its cocoon. 

This in many countries completes the operation of 
the rearers, for up to this point it is frequently a sort 
of partnership arrangement ; as for instance, in Italy 
the owner of the soil supplies tho silkworm eggs and 
the mulberry leaf to the cultivator, the latter gathering 
the leaf and providing all tho labour for rearing. The 
cultivator takes half tho produce for his share, and the 
owner the other half; but the cultivator gives back 
one-fifth, BO that, in reality, the owner takes six-tenths 
and the cultivator four-tenths. 

Tho proprietor generally hatches the eggs, and when 
they are two days old, distributes them in various 
proportions among the cultivators, each taking hia 
allotted portion to liis Lome, 

The cocoons are then gathered from the " bush," 
and sent to the market in large baskets, or valued 
aad taken by the proprietor, if ha happens to be the 
owner of a filature as well. 

e next process is that of Btifling ot 4a»tao^isi^'iifi' 
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vitality of tho obryB&lis, by dry heat, or hj the e 
modem application uf steam, a method inyented bj 
Professor CastrogioTaimi, of Turin. It coneiBts i 
rabmitting the cdooohs to a Bte-am bath, at an unifor 
temperature of 100° centigrade. The steam rising 
practically imcondensed, under an iron rccoiTer, whi(^ 
covers the cDcoons, tjie chrysalida are suffocated b; 
the diffused heat, which penetrates thoroughly, whila 
the web of the cocoon retains its natural condition. 
The principal requirements are three : 

1. A basin with a furnace undeTneatb, or, if mi 
convenient, made to conmnmicatc by a pip© with ■ 
steam boiler. 

2. Two circular plates, running on rails, on wbidi 
the trays with the cocoons are placed. 

3. A bell receiver, supported by two iron QprightSi 
and easily raised or lowered by means of a pulley u 
oonnterpoiso. 

The bell is provided with a theimometer and r 
cock, for letting off the air and steam when reqniied. 

Tlie apparatus is thus used : 

When the basin has been partly filled with water, t 
the height of 10 centimetres, the furnace fire is lighta^ 
and the bell lowered, the stop-cock being open. 
soon aa the thermometer rasters 99° or 100° centt 
grade the cock is shut, not to be opened again dnrintf 
the operations, Tlie bell is nest raised, to permit t! 
plate on which the traya of cocoons are placed to be 
run over the basin, and then lowered again into ths 
water, until its edges are covered, bat not t 
touch the bottom of the \>D£m. 
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r In about fifteen minutes the bell ia lifted, the 
cocoons wliich have been steamed are run off, and 
the second hutch, which has been made ready in tho 
meantime, takes the place of tlie first. 

For the full success of the operation the natei mUBt 
always bu boiling, the fire well kept up, and the 
internal tcmperatuTe of the receiver maintained at the 
some degree. 

The cocuon may be considered the raw material of 
ailk, and as such it is recognized almost everywhere 
but in tluB country. In other manufacturing places of 
any note, the selection of cocoons and the reeling, 
which is the first process of manufacture, attracts a 
Ter; cousiderable attention, as too important an ele- 
ineiit in careful manipulation to be neglected. 

It might be supposed that cocoons do not come to 
this country at all, but it is not so. In 1869, before 
political events dorauged the trade of France, ive find 
that there were exported from England to France more 
thfm 100,000 kilos, of cocoons, valued at nearly two 
aud El-half million francs, though it is quite probable 
that B. portion of this, after passing through the first 
process of reeling, foand its way back to this coimtry 
in the form of " raw silk." 

Tho art of reeling silk from tho cocoons is very 
aiuiple, and it is straDge that it has never been intro- 
duced into this country. 

The ordinary reeling machine consists of a reel 

measuring in circumference from 60 to 80 inches, the 

framework containing tho guides, the basins, and the 

of heating the water ia them. 'La'Aia'^iaa's.'iBS. 



J 
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^^^H tbo bnsin, but in modom filatures not odIj is the reul 

^^^H torned by Bteam, but an altendnnt prepares tbe cdooodb, 

^^^H Uid bas tho end formed ready for the reeler. 

^^^1 The oocouns, stripped of the surrounding floss, an 

^^^f placed conTcniently beside the rooler, who, taking a 

I bandfLil, puts them in the basin containing hot wateri 

and by watching them, eoon ascertains if the water bo 

[ hot enough or olhenvisc. If, be tho reel carrioB off the 

thread, the cocoon lifts from tho basin, the water is not 

hot enough to tlinsolve tho natural gum of the 

I with sufficient rapidity ; if, on the other hand, tho bUIe 

1^^^^ oomeB from the cocoon in flakes, the wnter is too hot. 

^^^H In large filatures this is regulated hy turning on of 

^^^H shntting off a jet of etcam which is under liie control 

^^^H of the reeler, and in China or Japan by regulating the 

^^^H oharcoal firea undor the basins. Having beaten tlift 

^^^V oocoons in the water with a small birch whisk, nntil tha 

^^^ roniaining floss is got rid of, and the true thread is 

drawn from the cocoon, the reeler then 

single filaments as she proposes to make into a thread, 

and rapidly passes them through tbe first guide. 

drawing the filaments irom another ocjual number of 

cocoons, she repeats tho operation with another guide*. 

There ore now tivo threads drawn irom eq^aal numbers 

of cocoons, above the first guides ; these are twisted 

together so as to form for a short space the strands, 

t were, of a two-cord thread, leaving the twist 

I " intact. Tho threads again diverge, and 
ing through tho second fixed guides, and thenoa 
jgh_.the distributing guides, are attached to 
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reel. The object of this croiasage is to deliyer on to 
the ro"! a round, threail, and but for it tbs thread in 
its Bofl condition would, in passing the guides, not 
QtAj aEsume a fiat shape, bat acixuiro bji nudesirabla 
amount of roughness o» well. 

The iutelligenco of tho roelor is now cnlled into 
Feqaeet, for to maintain the silk thread the some size 
reijaires the utmoat bMU and care, Suppusing tho 
reeler to atort with eix cocoons to a thretid, the fila- 
ment of each of these ooconns becomes more and more 
atteQUated aa it approaches the centre or .skein cover- 
ing the chrj'siilis ; and to be able to calculate the addi- 
tional eocoous required to componeate for this attenua- 
tion constitutes the great art of roeliug, and jirevents 
its ever becoming a mechanical process. The six 
cocoons with which the reeler started with aro increasod 
at times to nine, and yet the thread ia no thicker as it 
reaches tho reel, than at the commencement, when only 



The skein of silk npon the reel ia the " raw " silk 
of commerce, and it is determined to a great extent by 
its fineness and regularity of thread, its clearnoas or 
freedom from kuibs or particles of skin and badly at- 
tached filaments. Its fineness is not entirelyjniiged by 
the eye, but by weighing a given length, generally 400 
revolutions of a reel made for the purpoBe, the weight 
being esproaaed by a technical weight termed " denier," 
200 of which are equal to 16^ grains. Tho number of 
deniers is called the title of the silk, and accompanies 
the qnotatlons of the higher classes, especially of 



i 
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Another mnre mnipliaiteil method of reeling Bilk 
la patt'Jitod in this coautry somo tiveuty-five years 
•go, Mtil has since been adopted by the CheTolier 
Eetlor Ht MilAn, iiDilor nfause skill and auspicee the per- 
foctinn of silk r«cliiig is now being carried out. This 
is a slnff process, nltich not only allows the thread to 
dry, but passes it on from tho distributing guides to the 
thntwiug inavhiaery, wbii.'h at unce puts tbe first twist 
into the tlirvode and delivers it on to a bobbin in the 
form of •■singles.'' It is this process which would 
aplMMU' to bci BO admirablT adapted to the arailable 
labour tif this country. 

The incnwse in consumption of raw gilV is shown in 
Iha following figures: 

Silk viaoD thk CoscmosiNo at Ltons. 

ISO? 362,557 

ISM 6S4.703 

1*S1 1,375.387 

18M 2.37.^889 

1S« 3,508,(132 

Each of the aboiv amoants is the tneao of ken yewc. 

GxnwTS rftLjOi Fkimb. 

kOiK 
ISlTtalMS .. .. „ ISI.400.000 

IMS 1X4,700.000 

IMT . ItSi 374.700,000 

VAi „ isec 4ii.oooj)oa 

I««T . 1S7S 4^.000.000 




TIm bnlk of then eiports were from Lyoaii 
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.. .. 22,114 






1853 „ 1854 . 
1855 „ 1856 . 






6t.283 
50,481 










, 1857 „ 1838 . 




., .. C8,3I5 






, 1S58 „ 1859 . 




.. .. 83,134 
















, 1860 „ 18f!l . 




- .. 70,644 






, IBGl „ 18G2 , 
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Pwm 1861 to 1865 


„ 1^05 


\m\ 


„ ISiiU „ 1867 


„ 1807 


I Wis 


„ IB68 


1869 


„ 18U9 


1870 


„ 1S70 


1N71 


„ I87I 


1872 


„ 1872 r 


1873 




These bales are of the weight of 102 lb. to l08 
each, and may, fur the piirpose of rougb c&lculatioDS, 
be OBtiinatud at 100 lb. per bale. 

From India the arurage annual eiporta in pounds 
\ bftTe been : 

From 183l> to 1842 1,381,210 

18i3 „ 18*6 1,S5S,130 

1847 „ 1851 1,290,020 

IfSa „ 1856 1,511,768 

1857 „ lael 1,511,770 

IW62 „ 1866 .. .. .. .. 1.485,760 

13G7 „ 1871 1,558,250 

Before the raw silk roaches the loom, it puses 
through Gvo proceeses besides the boiling or dyeing, 
and these manipulations may bo thus briefly described. 

The first is the transferring the silk from the irre- 

I gularly lengtbed skeins * to the bobbins. The skein 

being strKtchoil upou the " swift," or light revolving 

frame for holiiing it, the thread passes througb the 

• Skeins of silk trcj in length from 60 to 90 iaehes, and in 
IS iastwMes mora than Uiis : Tl iochee be'ins the mots n^efol 
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trayersing guide, on to the bobbin, rotating on a 
horizontal ftxis, motion being communicated to tho 
bobbin by a little wooden roller on tlie bobbin epindlo. 
This apindlo, placed in two grooves, is parallel to a light 
shaft bearing at one end a metal wheel, the friction of 
which, conveyed by tho little roller, gives motion to 
the bobbins. A fuco cam gives motion to the travors- 
ing guides, calculated according to tho length of the 
bobbin. 

The eecond process, viz. cleaning, simply transfers 
the silk from one bobbin to another, though in the 
transfer it passes through tho cleaner, which is com- 
posed of two fixed parallel plates placed so close to one 
another, that auy knot or irregularity upon the silk is 
caught and the motion arrested nntil the attendant 
removes the cause. So nicely are these plates fre- 
quently adjusted, that an increased eize in the thread 
frum bad reeling stops the machine, and the bobbin is 
replaced with more regular sDk. 

The third process is doubling. By the doubling 
machine the single threads from two bobbins are 
brought side by side on to ono bobbin, but without 
any twist. The fourth or spinning machine puts a 
Bpin or twist into either a single thread or the two, 
which the third machine brought together. The fifth 
or ginning machine resolves the silk into the specific 
terms " tram " and " organzine." 

Bilk throwing is the technical, but vague, term need 
to include the various processes of winding, twisting, 
doubling, and retwisting raw silk. 
^^_." Singles," without twist, is eY0-5\o^tt@L ist wi-^ 
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rouud tho coarser thread, which is inynriabl j the shcrtei 
of ths two, and can therefore the hotter sastain anj 
excessive etrain to which the doubled tlireod may bt 
snhjocttid. Tho cording of threads doubled and twisted 
together in ono operation is more perfect, than when tha 
process iq accomplished in two operatione. 

To the throwing nmchine exhibited at the Exhibition 
tras attached one of the maker's patented self-actiiig 
oonut guider and Eti>p motion. This motion registe 
in yiuxia tho exact length of each skein ; and when a 
skein of tlie length required has been mn to, it moTef 
tho guider, and alongside of tho firet skein i 
another of the same length, until the reel is fnll^ 
when it stops the machine, and sccurca perfect nni- 
formit; iu length of skein or hank. These are aftoiq 
wards weighed on dcniering machines, and, i 
skoins aro all of one length, the weight d 
nearly as possible the correct size of the silk. 

The nest process which the silk nndorgocs ia that 
of boiling and dyeing. The raw silk, as it reaohe^ 
tho dyer, containa the natural gnm and colour from tl 
worm, with soap and other impurities, somo of wMcIn 
have been necessarily added in "throwing" it, a 
which havo all to bo discharged from " soft " 
though in the case of other silks this is less fully done; 
The silk is therefore placed in hauka on long s 
immersed in a boiling liquor of aoap, water, and carbo> 
nateof aoda, "tnrned" from twenty to forty minutffl, 
" crashed," or squeezed, put upon cords, placed in ba 
steeped for two or three hoiira in almost boiling bi 
tmd water, which the fabric of the bags allows to p 
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freely Hirongh it, taken ont, waghcd in cold water to 
free it from the soap ; aud, this done, it is rendy for 
the dyeing " harquee." For white and other delicate 
ahades, however, it ie bleached before the dyeing in an 
air-tight room in which eulphur ie burnt. 

White ie a combiuation of red aed blue, and formerly 
the red was given by oreliil or cochineal, and the bine 
by indigo. Aniline is now used for both ; but the 
colour, though much finer, is not bo lasting. The alco- 
holic solution of the colour is diluted with hot water 
and BOap, through which the silk is passed, and it ia 
afterwards passed through water acidulated with tartaric 
acid. (Great difficulty is found in producing pui'e white 
when the uatoralcolonr of the materialis brown.) The 
silk is placed in hanke upon sticks which rest on the 
edges of the dyeing barques, the silk hanging down 
■ and immersed about tiueo-fourths in tlie dye. It is 
then " turned" or "pulled over," to bring the reiaain- 
der in contact with the solution. When the workman 
considers that the colour of the silk resembles the pat- 
tern which he has to copy, he takes a little, dries and 
comparea it. K it is not quite a match, bo adds to 
the dye such colouring matter as he thinks necessary ; 
in some cases ho has to do this frequently. 

There are several descriptions of pinks, known in 
the trade as Safliower, Hagenta, and Magdala. The firEt 
is procured from the flower of Carthamaa tinclorius, a 
plant of Northern India, somewhat resembling a thistle, 
bat of a red hue, and containing two colouring matters, 
red and yellow, the red only being of use to tlio dyer, 
to whwa it ie aapplied as CBxtbamiiio^ oi isB.Tnv«aa waA. 
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The mageDta pink is procured from aniline, by the bi 
tion of various reagents, the most valnable kind being 
deriTcd from combination with arsenic acid. Magdali 
pink is a very beautiful colour, giving a kind of eh*- 
mcloim tihadu with direct and refleeted light, 
prcpai-od frum napthaline, and is very variable in iti 
roBidts. 

Sucb colutirs as logbom, straw, maize, &a., were fo^ 
merly produced by a combiuntion of anatto with othtt 
colouring matters ; brown and claret by a mdon < 
various vegetable dyee — fustic, brazil, logwood, indigi 
&o. All these are now dyed with the products of coal* 
tar in various degrees of combination. 

Scarlet and criniaon are among the Beries that fiw* 
merly derived their colour from the animal IdngdoiUfj 
and as the export of cochineal from Mexico becantt' 
lessened, these dyes became more and moro costly. 
Kosaline, magenta, and the other cual-tar oolours han. 
now to a great extent superseded the use of this ex* 
pensive dye. 

The old celebrated Coventry bine was obtained from 
indigo produced by i)lant8 of the genus Indigoferrt, 
coltivated in various parts of the world, especially u. 
India. Another blue, the Napoleon, was made by saQ 
of iron and potash, a modification of Fmsaiaa bloA: 
The splendid bluea now produced have their origin itf 
the indefatigable labours of Mr. Nicholson, who fiis| 
mann&cturod magenta on a large soilo, and who h 
ainoe produced the whole series of colours, rum 
magenta or roseine, to rod violet, violet, violet blaei,ai 
^ opel ^\uo. liw^Qiiidtif , silyeE, and I 
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malino are prodaced by the judicioaa combination of 
aniline blue atid violet. 

The violet obtained from aniline eclipses anything 
we can imagine to have been produced by the Tyriane 
in their celebrated purple. 

A good substantial greon was formerly dyed by a 
miztnre of indigo blue and fustio ; but it was impoBsi- 
ble by artificial light to distinguish from a blue the 
green bo obtained. The first " gaslight " green wae 
that derived from a colour produced by the action of 
aldehyde upon roseine, tho yellow of picric acid being 
used to increase the yellowness of shade. It ia said 
that the Chinese produce a " gaslight " green from 
chloFophyl, the colouring matter of leaves. 

During the processes of "taking off" and "boiling," 
aJk loses at least a quarter of its original weight. 
Formerly, in the case of black silk, manufacturere 
were willing to allow the dyer to employ a dye, which 
caused him to return them the material with a loss 
of Hub weight ; or at most they only required him 
to send it buck at the weight at which he received 
it. But for some years they have required it to be 
made heavier, and tho weighting has more recently 
very much increased. In silks for ribbons and broad 
silks double weight is often thus given ; in silks used 
in the manufacture of fringes, four times the ori- 
ginal weight, and in case of certain silks exhibited at 
the Silk Exhibition of 1873, six times the natural 
weight had been attained. Ordinary unweighted black 
is dyed by tho use of a salt of iron and logwood; bnt 

' the weighted silks, a q^uantlty of no^, ^^i^veit ., 
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chestnut, cr some wood contaming a large Bmonnt of 
tuiuin, is employed. MancLestel ond Derby in this 
country, Crefcld in Germany, nnd Lyona in France, on 
mnoh noted for tbe beauty of their heavy blftoks. A- 
h&s been found that a Tery large quantity of water ii 
necessary for deansmg tbe silk in weighted block dy»- 
ing; and in each totm whore this branch of the trade il 
carried on, water is sopplied by rivers, or collected il 
large reservoirs from the surrounding hills. In Lyoa^ 
Basle, and Derby, the workmen waBh ont their ailk ia 
flat-bo ttomeil boats. 

The black droBses of onr grandmothers were o 
after years of wear, handed down to their ohildren ai 
grandchildren. Now that the weighted silks are ei 
ployed, great complaints are made by the ladies ihiit 
tbeir dresses are worn out so rapidly ; but on the oth^ 
hand, one etfect of the weighting ia to make the tlireajj 
of silk covei twice the space it formerly did, and b 
these means produce a cerrcspouding reduction in til 
cost of a given length. 

All eilte after the various processes of dyeing ai 
dried is a stove heated by Iiot air, or steam, and tli^ 
■' stringed," an operation which gives them increased 
lustre. In some coses they ore stretched on revolvinK 
heated rollers. 

The Manchester Wool and Bilk Conditioning Ooi* 
pany have issued e. statement of the results o 
tioning for moisture nnd boiling off silk for gum, soa^ 
&c., from 1st May, 1870, to 30th April, 1871. 
parative statement of silk conditioniiig by tho Compaiq^ 
from 1866 to 1871 givea tfoe foULO-Bin^ figarsa : 




^^^f 1 


^^^B CHiyA— Obqan, Teak, and Raw. 1 


i 

18G6 and 1867.. .. 
1867 „ 1M68 .. ., 
1B68 „ 18U9 .. .. 

1869 „ 1H70 .. ., 

1870 „ 1871 .. .. 


Qm^welBlit 


Condltluned 


molBioie. 


7, 303' 3 

16i239- i 
19,0:19- 9 
15,33a' 13 


7,146-10 
11,14113 

15,876- 6 
18,707-H 
14,944- 6 


1-53 
1-64 
1-58 


Japan— Oboan, Tram, and Baw. 1 


1866 and 1967.. .. .1,156- 3 

1867 „ 1H6S .. .. 2,778-10 

1868 „ 18li9 .. .. 6,400- 5 
18G9 „ JH70 .. .. 1 2,»70-l* 
1870 „ 1871 ,. .. 1 3,2li8'10 


3,065- 8 
2.655 ■ 8 
6,213- 6 
2,836-11 
3,147- 7 


2» m 

s 1 


Italian— Obgan, Tkah, and Eaw. 1 


1866 and 1807 .. .. 

1867 „ 1868 .. .. 

1868 „ lMe9 .. .. 

1869 „ 1870 .. .. 

1870 „ 1871 .. .. 


11,721-14 
9,363-11 
3,710- 1 
6,20-1-15 

15,745- 5 


14, 027 -H 
1,9S7- 6 
3,54S- 7 
5,951-14 


1'7< I 
2-00 ■ 
2-01 ■ 

1-58 1 
1-65 1 


In 1872 the mBnufactures of Lyons occupied 120,000 


looms, of which 30,000 were ia the city, and 90,000 in 


the neighbouTing departments. 


These 120,000 looms consume annually 2,200,000 


kilogroms of silk, and produce goods valued at 


460 millioufl of fronoB, of which 350 millions are 


exported, aud 110 millioiiH coimumed in the country. 


The most important of these manufactures com- 


piiso: 
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Fooludi 

Ct*pM 

TnlWa. plun uid coloured 



lUTetas ukd " ImillvWi" black 

Ditto, riolcinred 

OUiei jdaiD Uiiii eooda .. 



Ditto for furniture . 
Sondrj miied iiamtt 

For the material of this enormous production Franoo 
is indebted (taHug the average of a eoriee of jears) 

To China, Japan, and Bengal .. Tor 40 per cent. 

„ Itslj „ 22 „ 

„ BrouesH. Persin, and the Leiaut „ 8 » 

And raisixl in France 30 „ 

Thus France is largely indebted to foreign cMinntriMi ■ 
for her supplies, and, in fact, since the epidemio tlis 
indigenoQS production has fallen off considerably. 

I From 1845 to 1854 France produced an annual 
STorage of seventeen niilliou kilogn 
1853 she reached the highest figure of twenty millionfli 
Then came the disease, and the production fell to : 
; 



155 12,000,000 

sflto'eo 10,000.000 

6!lo'65 8,000,000 

65 5,500,000 

During the following years the production in Francs 
eight to ten mT.\iiwi» lA Visa, to. 1.872 it wu 
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3,871,000 Mob. of ooooons, whicli gave about 636,800 
kilus. of Bilk. 

The receipts of cocoons at Marscillea for the past 
four years have been aa follows : 



1.079,000 



According to reliable antborities, the preseat pro- 
daction of silk in Europe may bo computed at : 





1S7., 


..n. 


In Italy 

„ Ftanee 

..Spain 

„ LeTant 


3,125,000 
636,800 
171,400 
334.600 


ki1». 
2,700.000 
47S.0OO 
10.S,0IH) 
396.000 


Total kUos. .. .. 


4.2^7,800 


3,676,000 



The following Tables will bo found intoroBting, ins 
much as the European silks have been mado to con 
Bpond to the China bales, reckoning 45 kilos. 
equalling 1 bale : 



Table sirowiNC 
IN Bales 


teeQuantittof 

CiMS THE UaHIS OF 


SlLS CI 

IBale 


sacMED IN El-hope 
= 45 Kiwa. 


S«».L 


1BB6.Y 


im^ 18.^.1 isaa-ioJi^ri^i 


1B71-S. 1812-3. 


&:: :: 


"'I«l 




i IS, 000 
4'i.SDa 


'aalsSI 


130,000 
IS.IOD 


ia)tDO 


TOWlulH .. 


liI,3<lill6T.Wl7i,aao|lT9.oui) 


^IM.700 


r--" 


lua,wft 



1G8 BRITISH MANnFiCTUnma INDUSTMIES. 



I 



Brutla ],700 

Salonicti 732 

Syria 12,800 

Greece HO 

Oeoigia, Nouka, and Persia 2,420 

Bales ,. .. 91, U2 

Fbench Imports and Exports or Silk Goom ahd Sbjc. 
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Tuegahg. — The silks now generally recognized as 
tussalis, and already mentioned as produced principally 
in China and India, are a description of wild sillc, 
hitherto neglected by Europeans, but now deservedly 
attracting mnch notice. In the East they haye been 
long appreciated, from their cheapnesa and dura^ 
bility. 

The Sze-Chnen and Shan-tung silk piece goods, 
which are true " tUBsahs," have for years past been 
largely esported to India, America, and other places ; 
and now that fashion has produced a demand, it is 
found that wild silk is to bo obtained from many 
places where least expected. It is more than probable 
that in all tropical and subtropical countries some 
kiod of wild silk may be found. The methods now 
applied of treating the cocoons with hot alkaline solu- 
tions, to dissolve the gum and set free the silk, thus 
producing a condition in which it can be carded and 
spun, will doubtless cause supplies from many countries 
hitherto unnoticed. 

First among the tnseahs must be classed the Tama- 
mai of Japan, the more so for the reason that it is one 
of the fow descriptions that can lie reeled with any 
fecility ; for although some of the Indian tussahs arc 
reeled by the natives, the process is so slow and 
laborious that it is hopeless to expect any large ixuan- 
tity of the reeled silk. 

Mr. Consul Adams, in his report on the eilk districts 
of Japan, gives the following history of the Yama-mai 
industry : 
^—"It appears that there are sixteen 'Ti!iai'gH.,*i.<i"^^- 
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Itabitante of whieli form an asEOciatioQ called ' lUTatsn- 
kawii-gami,' and aie entirely engaged in the culture of 
tlie Yamii'mai ; that this culture was firet initiated 
about forty years ago, and since tlien hud gradually 
taken greater dimonsionB, till the number of cocoons 
annually sold by the association alone is cempnted at 
not lesB than 20,000,000. 

"Each rearer rears from 100,000 to 200,000, and 
the price of a thousand is estimated at S3 to S3 J. 
The best sort of silk is sold etgSOO per picul{133Ib.), 
and the inferior at about K^OO. Close up to the 
Western range of hills are a number of plantations of 
the ' Kunogi,' which is by the rearers pronounced to 
be the best food for the Yama-nioi. Its leaf ia con- 
sidered to be that of Quercas eerrata. The worms can 
be fed on other varieties of oak loaves, but those of the 
' Kunogi ' alone are used in this district. 

" TLo larvfB were mostly in the fourth and fifth 
stages, and it was a curious and mnsf: jnterostiug sight 
to watch them clinging to the branches and leiif-stems, 
and to obaerve how completely their colour corresponded 
with the leaf on which they most delight to feed. 
Their bodies were of a pure and almost transparent 
green, with a bright line running down the sides, 
mding in a brown patch, the two quicks ilrer'-like epota 
I on each Bide being plainly visible. Diminutive Line 
I spots were also to be seen at intervals along the body. 

> mnch did every colour and streak resemble the 

ULts to which they clung, that it was long before onr 
liyes became sufficiently practised to distinguish tbem 
it all without close examinatioD. 
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" Tie length of time between batching and spinning, 
during the whole of whioh the larva remain in the 
open air, passing through four ])criodB of rest, ia 
reckoned at about sixty daja, more or less, according 
to the temperature. We were told that the iii'st leat 
commenced on the seventh day, and cimtinuud for two 
days ; that the euccoediug throe perioils of aetivitj and 
torpor were Beveiatly longer than the first, and that the 
spinning commenced about ten or eleven A&ja after 
the fourth reet." 

Bpeoimens of this silk exhibited at the Tntomationnl 
Eihibition of 1873 bore a value of 27«. per lb,, which 
tends to confirm Mr. Adams' values as givea above. 

The varieties of tussahs in China ai'e at present but 
little known. Mr. Consul Meadows reports fully upon 
the Mountain silk of Newchwang, Mr. Vice-Consul 
Alabaster on the Ailanthus silk of Chefoo, both of 
which districts were formerly supposed to be too for 
north, and consequently too cold to rear any description 
of silk, but iu the wcsturn provinces the tussahs abound, 
kdA lihe brown rough silk garments worn by the natives 
prove its large production and consiunptiou in the 
oountjy. 

In India the reports compiled by the Govomraent 

give particulars of no less than thirty-sis varieties 

feeding upon difiercnt forest trees and shrubs. Chief 

among these may be mentioned the Antherma paphia, 

a the jungles all over lodia. 

a Perui, an oak-feeder. 

AnihercBa A»sami, described as "a very eicellwA 




r 



174 BBITISH MANUFACTURtSa ISDVSTEIES. 

AUacus Alias, the largest of the silk prodncera. 

Allamt Cynthia, thn Ailanllina worm, now being 
reared in Europe, America, and Australia, 

AtlacKt Hieini, the ca«tor-oil plant feeder of AHsam, 
said to he easily reared and produce a good light- 
coloured ailk. 

The extent to which these tnssah silks are used in 
India has been bat little appreciated in this country, 
the oonsumptioD until the last year or two being con- 
fined to the natives. 

Buchanan, speaking of Assam, states: "The natrVB 
women uf all castes weave the four kinds of silk that 
are produced in the country, and with which three- 
fourths of the people are clothed. 

HugcD, in 1834, estimated the quantity of land 
planted in Assam with food for one description at GOOO 
acres; and Col. Hopkinson, Commissioner of 
states : " The Soon forests where one species of 
is rented cover 34,000 acres, and the production of 
silk gives employment for the season to 48,000 persons. 
The produce is estimated at 100,000 lb. 14'early all 
this is consamed in the country. 

In Bengal, Bnchnnan ostimolea the value of the 
tuasah goods from three districts— Futwa, Gaya, and 
Nawada— at Z\ lakhe of rupees (35,000f.), and of 
another district (Baulgnlpon) at one lakh, per 

From the North-west, Central, and Southern Indift 
we find reports upon different descriptions of tussahs, 
generally utilized for native wear only, 
the nortli end of the island abounds with the wild 
wornij the cocoons of w^vitla we Tiot qow ^th^^^ 
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formerly. It is probably not too miich to Bay tbat in 
every forest or jungle district in India a tusaab worm 
of some description may be found. Certain tussabs are 
indigenona to America, namely, C'ecropia, Fromethea, 
Luna, and Polypltemua ; and in France the cultivation 
of the Yama-niai bas for some time past attracted much 
attention. Its silk posacEses tbo peculiar property of 
taking a different tint wben placed in the same dyo 
with tbat of the mulberry worm, wbicb allows of tbe 
production of a curiona variety of colour by simple 
immersion. Tbe introductioa of ibis worm gives a 
valne to tbe leaves of the oak, wbicb have not hereto- 
fore been turned to any commercial account. 

Another worm which is largely cultivated in Franco 
IB tbe Bomhgx eynlkia, wbicb feeds on the ailantbe 
(ailanihtig), and first received in error tbe name of tba 
Japanese varnish tree, with which it bas no relation. 

Tbe great stimulus given to tbe consumption of tus- 
sahs baa been tbe invention of machinery for dressing, 
carding, and spinning these cocoons with waste and 
floBS silks of a higher class. 

The cocoons are first treated in strong alkaline solu- 
tions, wbicb dissolve tbe gums and release the fibres 
from tbe lime-like secretions of tbe insect, after which 
' tbe silk is boiled with soap until in a lit state for comb- 
ing, carding, and spinning. The tussabs are now in 
tbe condition of any other prepared waste silk and 
BnbJBOted to the same processes, wbicb are thus de- 
scribed in tbo report on the silk machinery of the 
Exhibition of 1873, in the ' Journal of tbe Society of 
^Jjjta'; " Tbe type of tbo mechaiaiBm \a fcsJ. ■osfi&.Na. 
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cotton or wool niBnnfaotnre, for nben silk ceases tf 
bo tt fitanieiit it becomes a fibrous material ae cotba^ 
mud nia; bu treated as encb, subject to tlio coneidemtioil 
thkt tbe gtftple ur length of each &hte is greater i 
more varied than that uf cotton. Tho entangled fibres 
of tbe eilk arc reduced to IcDgths of about 8 iucLes, bi 
to * flakes ' measuring about 8 incboa b; 3. TlteM 
'flakes' boTc been produced by a process of partiij 
tearing, cutting, nnd careful combing, which lays ti 
fibres parallel and enables an attendant to reduce tbenb 
to suitable leugths. These are placed in baekots and 
taken to a machine called a spreader. They a 
laid by hand one at a time upon an endless band, b]r 
which they ore advanced until brought within tbe in- 
flueni^e of a bruss roller (porcupine roller) witb finS- 
teeth u[ion its surface. This roller delivers the fibrefi t9 
a series of fine-tootbed metnl combs nbich are moTiDg 
parallel to tbeir length, and carrying with them the: 
Bilk. By tho action of those combs, and fluted roUerv 
which receive the silk from the combs, tbe 
are not only further combed, but owing to tbe speed (rf 
tbe rollers being greater than that of the combs, the 
ailkeu fihres are drawn forward elongated, the e 
of Due flake being, us it wore, fitted over the ends o{ 
another, and one yard of these ' flakes ' is extended to 
from 10 to 30 yaida, according to the purpose for whi<!li 
the yarn will be required. The motion of tbe travel- 
ling combs is aocoiuplished by tho ends of the comb. 
being carried on tho grooves of two parallel square 
threaded screws, aud piissed irom one eet of parallel 
wreiFB to a lower set by ' Btiiking' cams, which e 
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their descent at one end ; and, by a similar bnt reTeree 
Borew motion to the former, each comb is carried back 
and risee to the first position," 

The combed and drawn silk fibrea are conveyed by 
an endless band, in tho form of a light flake-like ribbon, 
and coiled upon a largo wooden wheel, from whioh en 
attendant takes off reguhir lengths and lays aside for 
the nest process. 

The next process is similar to that used for the finer 
wools and flax, converting the ribbon into a "sliver," 
■nd, as ivith the long wools, by the introduction of 
" screw gills " to support and regidate the fibre. The 
tnssoh in the form of spun silk is finally delivered on 
reels and is ready for the mannfacturor. What bean- 
tifol fabrics may now be made from tussahs and waste 
silk thns treated was shown by the exhibits of mann- 
factnred spun silk in 1873, where it was proved to rival 
the more coRtly material in a]m.0Bt all useful articles. 
In fitct, onoo reduced to the condition of a spun silk 
yam, it is difficult to say to what useful purposes it 
may not be applied. 

Hitherto there has been a difficulty in getting the 
Indian tussahs to take a dye, bnt this is now being suc- 
cessfolly overcome, although there are certain delicate 
colours which they will never take. 

Thus Dr. Sace, in speaking of the castor-oil silk, says : 
" One fact which diminishea the value of this silk is its 
brownish colour, which prevents its being naed for clear 
colours. The fact disappears completely with the silk 

fililanthus worm, with which I wiU. cn^a^e, 'm.-^?^^ 
ttoe white silk. That clever chemw^ mA ■««««« i 
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^^^1 UoDsieur de Jongh, finds tbat the gloss of the aOanthoi 
^^^1 silk far eurpassee on j of the other known kind of howre 

I 



But for the Jacquard loom the eili industry could 
iver have attained its present dimensions, and al- 
though there is probably as much difference between 
the Stevens Coventrj loom and the first Jacquard u 
between that and the old draw loom, still the improve- 
ments have been built &om time to time upon ths 
foundation of Jacquatd's loom. 

Within the last thirty years the Jacquard appatatnt 
has undergone numerous modifications, not only to 
make it more efBcieut, but to adapt it to particulu 
descriptions of weaving. It bos also been suoceBBfully 
applied to the laco frame, and to several purposes apart 
from weaving, such as musical instruments, to punch- 
ing machines for punching wrought-iron plates used ia 
the construction of girders, and to type-setting machint 
To increase the speed of the apparatus, and to make it 
more adapted to the power-loom, rising and falling 
motions have been given to the bottom board of the 
machine, as well as the griffe, and the double-action 
principle for increasing speed is gradually working its 
way. A great improvement has also been made by 
working the card cylinder by a connection which 
be detached, which not only operates advantageous! 
the action of the griffe on the hooks, but enabli 

fl reverse the cards or "pull baok' 
and certainty. 
Probably the best idea of the complication of 
ments of the moBitQ$»Ti^V»tx^ 
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particmlarB of Stevens' loom in inaMng a " Forester's " 
eoarf two and a half yards long and sis and a quarter 
inclieB wide, at the Industrial Eshibition. This scarf 
required the use of sixteen thonsond perforated cards 
to make the figuie and fourteen tlionsand for the plain 
part, making a total of thirty thouamid cards. The 
number of threads in the warps of each scarf was 
one thousand eight hundred, and there were fifteen 
different colours in the shoots ; these fignree are multi- 
plied by the number of pieces being made at onee, so 
that with ten pieces making, eighteen thousand threads 
of warp would be in the loom. Honco the involved, 
and to the untrained eye ineitricable, confusion of 
threads as shown in the harness of the loom. 

It requires sis months to fit up snch a loom, and 
when it and the cards aro all ready, it occupies a month 
to obtain one complete pattern. The cost of the loom 
with design and cards complete is about 5002. 

The tests for silk aro by burning and treatment with 
ohemioals. Silk, if burnt, gives off the well-known 
smell of burnt horn. 

Nitric acid tm^ns it yellow, and dilute acids have 
little immediate action, Atkalies dissolve it, but as no 
snlphur is present, there is no formation of a sulphide, 
and the acetate of lead docs not yield a black precipi- 
tate. Dilute alkalies affect it, but without solution. 
Ammonia has no action. In the cuprate of ammonia, 
an ammoniaoal solution of copper sometimes known 
as Schweitzer's test, it dissolves like cotton. Its 
afGuity for colours is like that of wool. To detect 
i^empj flai, and jute in mixtvBo m\Iiv"NwJ\. mA 
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silk, boil tbe eamplo m an aqueona eolntioQ of fiodS-.H 
containiiig 10 por cent, of bjdrate of eoda. Wool snd.l 
silk diiSsolTe, nhile the vegetable fibres remain imacted B 
upon. The whole is thrown upon a cotton filter, and 
the nndiasolved matter is then washed with hot water, 
ftad afterwards aeidnlated iritli 5 per cost, of hydro- 
chloric acid, to which, if the residne is black or dark- 
oolonrod, a few drops of uhlorine water are add«S; 
^^^ Meontime, the original alkaline filtrate can be testoA 
^^^L for wool with the acetate of lead. If a white precipi* 
^^^H tate is formed, which dissolves on stirring, silk olooft 
^^^P is present, A black precipitate indicates wooL Tlift 
I nitro-peroxide of sodium gives a violet colour if wool 

i is present. If the tisane is deeply colom-ed, it mt^ 

be cat up and steeped for fifteeu to twenty minutes in 
a mixture of two measures of concentrated sulphnriD 
and one of fuming nitrie acid. Wool, silk, and colonri 
L ing matters are destroyed, while tbe cellulose is oon 

^^^1 verted into gnu cotton. White and pale mixed tissue 
^^^H may be tested by their afiSnity for colours. TheymiM 
^^^V bo cleansed and rinsed thoroughly in water to remoV 
^^^ 8tarch and similar dressings ; boiled for ten minotes in 
water containing 2 j»er cent, c-arbonate of Boda and » 
little soap; then rinsed in hot water; steeped five trt 
ten minutes in water at 50 to GO deg. cent., containing 
2 per cent, sulphuric acid, and washed again. In tlM 
meantime the coloui-bath mnst be prepared by di»> 
solving a few decigrammes of magenta in 28 to 39 
cabic centimetres of water and heated to boiling ; and' 
during ebullition add to it, drop by drop, caustic soda 
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a pftle rose colour only remaina in the liquid ; talte 
off the file, and put in the sample ; after some minutes 
take out to diy. Silk and wool are dyed, while tlio 
vegotable fibres remain eolotuleBS. Wool may be de- 
tected in Bilk by the presence of sulphur; if it ia 
immeraed for a short time in plumbate of soda, the silk 
will be colourless and the wool black ; or a piece of 
the tissue, two centimetres square, may be boiled in 10 
to 12 cubic centimetres of Schweitzer's teat; in from 
five to tan minutes tho silii will be dissolved. If the 
silk is black, add double the volume of Schweitzer's 
test, and soak from ten to twelve miuutcB ; after taking 
out the undissolved wool, the liquid, quickly neutralized 
with nitric acid, gives no precipitate if silk only is 
present, while cellulose is precipitated. 

Hydrochloric acid ia & solvent of silk, while it 
leaves wool and cotton unacted upon for a lengthened 
period. 

There can bo no reason why tho supply of ailk 
might not bo doubled easily. There are in the world 
ten times aa many acrea of land available for mulberry 
cultivation than there are for cotton. An acre of 
suitable land will grow 500* trees. From each of 
theae, when throe j" years old, 20 lb. of leaves can be 
gathered ; from 20 lb. of leaves 1 lb. of cocoons can 
be produced. The Agricultural Bureau of the TTnited 
States gives the highest yield of clean cotton per acre 

• The nuthoritj- for this Bttys that he planted from fiOO to 700. 
f The game authorltj eaya tliat leavea may be gathered in 
the colonies at two years. 
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to be in Louisiana at 300 lb., all other States being 
lees. Thus the comparative money values from an 
acre arc : 

300 lb. of cotton, at Is., equal 15/. Os. 
500 „ cocoons, at Is. 6d., „ 37/. lOs. 

Thus it would appear that it only requires the 
knowledge of sericulture to be more widely spread, to 
enable it to compete in quantity as well as value with 
the vegetable and all other fibres. 
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AJTrHBOFOIiOQICAI. NOTBS and aTTBKrES. For (bo Uw of 



a GLANCE. BjMiKii 
i USE OF ENGINEER* 



ACCOUNTS. By tbe Me Sir Johk Uowbiks, LL.I>. UlaBtraKd wUh 120 

Erjgnvlii^ of CotoH, Aodoib and ModenL Poat 8vo, cloth, 4*. 
BBAZTLIAN COLONIZATION, Horn m EUHOPEAfT POINT ot 

VIEW. Bj- JiCAKi A98D. Ileinrflvo,dotlj.2f.B<i. 
OOOTB.— THllEE MONTHS \a lie MEDITERRANEAN. Bj W*irEK CioorE. 

Crown Byo, dolh, fit 
OKAOBOETS INVESTMENT TaAOTS.-AMERICAN KAIL- 

WAYS AS rSTESTMESTS. By Boasm Oirrai. Dodlcatol lo Uie 



1 the OrdloH? Favan at 

mia, »iui j-ncui^ mrEOIlHIl UHJ TbUs OF 

ler. Tweinta Edition. CDlnrgol. f^Pnparimg. 
I AND SOLICITORS' UEUORANBQU BOOK. Tblnl 

;HABT." Second EiUUon. ^leet. Si. «i, ; Uonnlel, Si. 

Idward St&nfoTd, 56, Cliaxmg Cio«&, '\/s&^'^ 



A 



8ELK0TED LIST. 



DE MOROAN'.— ELEMENTS of ARITHBfETIC. ^y Adottstub Dk Morgik, 
of Trinity College, Cambridge ; late Profesnor of Matbematics in tJniversi^ 
Cbllege. London. Sixth EdiUon. Royal 12mu, cloth, 5s, 

DE RICCI.— Ff JI : Onr New Province In the South Seas. By J. H. Db Ricci, 
F.R.G.S.. H.M.'a Attorney-General for Fiji; Author of 'How about Fiji?' 
With two Maps. Large poet 8vo, cloth, 9<. 

DBEW.— THE JUMMOO AND KASHMIR TERRITORIES. A Geogra- 
phical Account. By Fredbbic Drew, F.R.Q.S., F.G.S., Associate of the 
Royal School of Mines; late of the Mahan^a of Kashmir's Service. Illustrated 
by Six Folding Coloured Maps, numerous Plates and Folding Sectiuns. 
Medium 8vo, doth, 42«. 

EDWARDS.— THE GERMANS IN FRANCE. Notes on the Method and 
Conduct of the Invasion ; the Relations between Invaders and Invaded ; and 
the Modem Usages of War. By H. Suthbbland EowardSw Fobt 8vo, doth, 
lOf. ed. 

EIiEMENTAB7 ATLASES:— 

ELEMENTARY PHYSICAL ATLAS, intended chiefly for Map-Drawing, and 
the study of the Great Physical Features and Relief Contours of the Con- 
tinent, with an Introduction to serve as a Guide for both purposes. By the 
Rev. J. P. Faunthorpe, M.A., F.R.G.S., Principal of ^Vhitelands Training 
Collecce. Sixth Edition, enlarged to 16 Maps, printed in Colour, with 
descriptive Letterpress. Price 4*. 

OUTLINE ATLAS.— Containing Sixteen Maps, intended chiefly for use with 
the * Elpmentary Physical Atlas.' By the Rev. J. P. Faukthorpe, MA., 
F.R.G.S., Principal of Whitelands Training College. Coloured Wrapper, Is. 

PROJECTION ATLAS.— Containing Sixteen PUt-s of Projections. Intended 
chiefly for use with the • Physical Atlas.' By the Rev. J. P. Fausthobpk, 
M.A., F.R.G.S., Principal of Whitelands Training College. Coloured 
Wrapper, 1». 

BL A NK SHEETS for MAPS.— Sixteen T>eaves of Blank Paper for Map-Drawing. 
Intended chiefly for use with the * Elementary Physical Atlas.* By the Rev. 
J. P. Faunthorpe, M. A., F.R.G.S., Princip^ of Whitelands Training Col- 
lege. Coloured Wrapper, 6d. 

PHYSICAL ATLAS.— A Series of Twelve Maps for Map-Drawing and 
Examination. By Charles Bird, B. A., F.R.A.S., Science Master in the 
Bradford Grammar School. Royal 4to, stiff boards, cloth back, 4«. Bd, 

E'VTIili.— A WINTER JOURNEY to ROME and BACK. With Glances at 
Strasbnrg, Milan, Florence, Naples, Pompeii, and Venice. Third Edition, with 
Map and Appendix. Crown 8vo, cloth, As. 6d. 

FOSTER.— MANUAL of GFiOGRAPHICAL PRONUNCIATION and ETY- 
MOLOGY. By A. F. Foster, A.M., Author of 'A General Treatise on 
Geography,' &c. Ninth EdlUon. Fcap. 12mo, limp cloth, 2s. 

G-AWIiER.— SIKHIM: With Hints on Mountain and Jungle Warfare. By 
Colonel J. C. Gawler, F.R.G.S., late Deputy Acyntant-General Jn India. With 
Map and Illustrations. Demy 8vo, paper, 3». ; cloth, Ss. ScL 

Q-ILIi.— CHEMISTRY for SCHOOLS: an Introduction to the Practical Study of 
Chemistry. By C. Haughton Gill, late Assistant Examiner in Chemistry at 
the University of London. TWrd EdiUon. One Hundred illustrations. Crt>wn 
»vo, cloth, 45. 6d. 
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„ le MOLTKS QLOBE, as EihiblLrf In the Rpir 

U» E»fth, Vi.lomio AMifin, und PliyBiuarupliv. lij WrttTAii Lowib 
OUEH, Mlnialor ol foreign Aflalni to the King uf tbe Sanilnlch iBlaiida. Dr 

HOLDSWOBTH.— DEEP^EA FISHING sod FISHIHC BOATa 
Britlsb lAlwds. Wlib UlDiitntlunB iDd DescripUons at U» Flsbing Boats Ii 

United Kliigdim. Bt'edkubd WHKp" !■ !■ ft 

Stcretiuy u> Ibe Ro;il Sbu. FlaheiicH Uimiu I 

HUIjIi.— COAL FlEI,D:i of GREAT BRI I 

KoourcH) with H..lio's of tlii (^[ t I 

Kow.iin Kutt, M.A„ F.K^. UtMlo U 

Profteisor of Ueology iu the Ruyal tAtUpp, M 



GaavefUDCFB— Hotel Tarlllu— Cracbes— InOrx la. Albo 



ie ieUnd, ^ With Map. Fc^r. 8' 
— PRACTJCAL GUIDE to tbe EM&LISH LAKE DISTHICT. With Nfne 
Mbdb »nd Three Puiioraiok Views, liouimti :— Introducllon— How to Spenil it 
JWng VWt 10 the Uifcea— A Fouueen Oip' PedeBUlm Toor-CliarKM for 
Conveyance*, Foiil^, and Gutd'-f— Hefiihts o( Mountains, LukEi, rant, and 
Fuees — Lotail Nmoes— Moieorologj, Utokigr, lod Bouwy. Fontlb Kdltion. 



Msps, price 1. 
— SMAM.EK 
Con tabling ChiTKi 



liANOASHTBE.— The COUXTV BOOK OK GS(1L\ND, o 



'waid Stanford, 55, Chana^ Gtow, "VswAjsa- 



HSLECTED UST. 



LXWIS.-Thg ENIiUSH LAKGUAOEr Ila GRAMUAR mid E 

log«h«r "ItbaTRKy " ■ ~ 

Ham Liwnt. B.A.. 

ENOI.tSU GRAHUjlR rot BF^TNXRR^ t 

LESSONS. Br the Idiir. IIiiikt Lewis, BA, Pt 

' — ■— ■- ■irger UiglUD uruinur, at 

H CENSUS OF IS71. , 

uoKKi neLiimi ma luiiwi 17 jihu Lbwu (of tiw KceMixr-Oniavr* 
r>(i|>«rtmpiLt. SomnMi Uq|wy SukiIdoi^ by Uw RfflinrHr-OffDimil, a^i 
rtrdlcuHd liT pETmliulgii UWio Pn^ldmt, Vln-Pnuidente, and CcudoU of Ihc 
GuiUUotlSuclelf oILoQdon. Kn^ 



MAHXY,— PRINCIPLEa of BOOK-KEEPINO br DOUBLE ENTKY, iB 
„... . .„._ ...^ ...... .,_u^(„.„ ., -_ 



Id Progrmalv* Exerclm. 
ID Uilitj-tlimi yMni Prindpri Wrillng 
Ih.^ Cily nf LoDilon BCBoai. FourUi 
M«i Wiiuui MjUHI, F.LA. I>Bny 



lug Miuter ud 'IVnnher ol Btwl^npisi 
rUi Kdltion, RfvIiihI and enlai^ tg 
inyei'o.olDUl.41. M. ^ 



atABTIN.— THE0KIE3 of HORIZONTAL CUERENTS <s IDs OCEAS idf. 

Al'MOSPHERU vid o( I^IBlalluii of Pluwuij mil oB - "' ■ •■""- 

being nf w TbKirln of KatoTBl f orcn out belore di»cavpr?c 

tDxny Natiml Pbrnomeiuit hlibarto mualvRl preblmu. ay jot 

MEADEN.— A FIRST Al.OEBRA for Use in JbdIdt CUmh. Bji 
tjcbwil. 'i'hlid li^Ulun, nvlwd und Riliir^. Fup. Svo, olotb. li. 1 

MBDHTJRST.— Thr roREION ER lo PAR CATHAY. Bj W, a 
HJI.M, CopiaUSbuiEhDi. Wltb Culoored Msp. Crown sm. clotta, u. 

MILLETT.— An AUSTRALIAN rARSONAOEi or. Iho fiETTLEK 



MT7LHAr.li.— HAM DDOOK TO THE RIVER PLATE REPUBLICS : Ooin* 
priatnB UuenoB Ayres and Ihf Pto'Idmb of the Argcnllne Rrpnbllo, and IM 

pHrloni niiil tdltors u[ Ibe Bueoua Ajtm 'BtondanL' Wilh SUp ud Two 



.Edward Stanford, 55, CYiuTu\!g ^:rroiA,'\j»^!m. 






NOBLB.— DESCRIPTIVE HANDBOOK OF THR CAPE COLONY! lla Con- 
dillon iDd RcauurccB. hj Jam NoaLB. CLerli of tlie Huute of AsB«nblf , Cape 
ofQoulHapQ. With Map and lUostratloiu. Cronii Bvo, doth. 1 0i. «il, 

FAZJIZB.— The ORDNANCE SUKVEY of UiB KINGiXJM: lis ObJecU, 
Hode of Execution, IIIstui7,uid PKHDtCoDdlttuiL Bjr CuiUld H. & Paukb, 
UJ:. FivF Coloured Isdci Mapg. Demy ivo. dolh, li. StC 

PEILPOT.— GUIDE BOOK to the CANADIAN DOMINION: Omttlnini 
tail tDfomutlDa for the EmigrBnt. the Tunrlst. tbe Sconmun. mi ths enult 
Capitalist. By Hibvkt J. pBU-mt, M.D, (Cuuds), MJt.CS.!.., at With a 



Prebo bj 



a, Esq, M. 






TTiCK, Ca, M.P. Crown 

.T.—rHTSICALGEOLOGY and GEOGRAPHY otOEEATBKITAIN. 

" -, LL.D, F.ll^, 4c„ Dlmlor-Gmprul pf Its Oeologlcil 

Itvd K1i^E>m, Foiuth Ediitva. cutiAidpTsblv enlarged, vid 
■ BROua Sbltiobh ud a GEOLOGICAL MAP of GttEAT 

EXEKCJSES.forTrachtng the Elemeola 
lybis and SyntbeBSe, nith Lallil ReodlDtf 
r .lonN lloBSOB, B.A^ Lond.. Secretai; cff 

Lmeoiu on Cbe 



- FIRST GREl'ai BOOK. ConU 



8CBOOI.-BOT8' pETTEBS 



E^rdses ar 



le BASIjUE 



With or 



for COPYING and DIOTA- 



Ooviiriior& 
F.BJSm Antl 

ClHllOgUi 



iDtroductfirf — SimtlgrBphJual . 
BTJIiLITAJC.— THE PRINCES OP INDIA, 
prmcfpol eveuls Irom thti Invjulan of Mobi 
8h«b. BySIr Edwabb 9nLLiViK,Bart.,Ani 



If ISSUE QUESTION. Mimoiial addrcsKd ta U 
nrecloTBoftlm Bant of England, By Eb'bot Hn 
I and Fufdgn Eii:ha[]gea,' ■ The London Banking ai 
Ac. Boyal Svo, 3i. 

t SftiBP. FS.A, F.G. 



Ghlmi to that of Na<LlT 
tiart., Antnor or ^ letters on India,' ■ Trip Id 
. and Soutii America,' Ac. Seooad Edition, 

U DECANTER. A Book about Sheny. 



m 
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SELECTED LIST. 
« 



l^ibntrg jor Mall Plaps. 

SUROPE. — Scale, 50 miles to an Inch ; size, 65 inches by 58. Coloured and 
mountcil on liucn, in morocco case, 31. I3s. 6d. ; on roller, varnished, 32. ; spring 
roller, 6{. 

ENQ-LiAND and WALES. — Scale. 5 miles to an inch ; size, 12 inches by 84. 
Coloureti, 2L 12t. 6d. ; mountt-d on linen, in morocco case, 32. 13c. 6(L; on roUer, 
varnished, Al. 4$. ; i>prlug roller, 6/. 6s. 

LONDON and its STTBTTIIBS.— On the scale of six inches to a mile : 
coiistructod on the basis uf the Ordnance block plan. Price, in sheets, plain, 
219. ; coloured, in a )M>rtfolio, 31s. 6d. ; mounted on linen, in morocco case, or on 
ruUer, varnished, '21. lbs.; on itpring roller, 52. 5s. Single sheets, plain. Is.; 
coloured. Is. 6d. A Key Map may be had on application, or per post for one 
stamp. 

SCOTLAND. — Scale, five miles to an inch; size, 52 inches by 16. CoIoared> 
42s. ; mounted on linen, in morocco case, 32. 3s. ; on roller, varnished, 31. 13s. 6d.i 
sprmg roller, 5{. 5s. 

IRELAND. — Scale, 4 miles to an inch; size, 66 inches by 81. Coloured, 
12. llx. 6d.; mounted on linen, in morocco case, 22. 12f. 6d.; or, on roller, 
varnished, 32. 3s. ; spring roller, 52. 5s. 

ASIA. — Scale, 110 miles to an inch; size, 65 inches by 58. Coloured and 
mounts on linen, in morocco case, 32. 13s. 6d. ; on roller, var;ilshed, 32. ; spriog 
roller, 62. 

APRICA. — Scale, 94 miles to an inch; size, 58 inches by 65. Coloured and 
mounted on linen, in morocco case, 32. 13s. 6d. ; on r(dler, varnished, 32.; epnni 
roller, 62. 

NORTH AMERICA.— Scale, 83 miles to an inch; size, 58 inches by 65. 
Coloured and mounted on linen, in morocco case, 31. 13t. 6(2.; on roller, 
varnished, 32. ; spring roller, 62. 

CANADA.— LARGE MAP of CANADA, Including New Brunswick, Nova 
Scotia, Newfoundland, and a large portion of the United States. By John 
Arruwsmith. Scale, 15^ miles to an inch; size, 96 inches by 54. Eight 
Coloured Sheets. [^Nearly ready. 

UNITED STATES and CENTRAL AMERICA, with Qmada, 
New Brunswick, Nova Scotia, Newfoundland, and the West Indies. Scale, 64* 
miles to an inch ; size, 72 inches by 56. Coloured and mounted on linen, in 
morocco case, 32. 13s. Sd. ; on roller, varnished, 32. ; spring roller, 62. 

S0T7TH AKCERICA.— Scale, 83 miles to an inch; size, 58 indies by 65. 
Coloured and mounted on linen, morocco case, 32. 13s. 6d: on roller, varnished, 
32. ; spring roller, 62. 

AUSTRALASIA.— Scale, 64 miles to an inch; size, 65 inches by 58. 
Coloured and mounted on linen, morocco case, 32. 13«. 6d. ; on roller, varnished, 
32. ; spring roller. 62. 
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Central ^a;p3. 






OHKTHAL EUBOPE.— DAVIES'a [ 



SFAIK and FOBTTTaAL. Bj J. ARnowsKiTf 



BAILWATAMALaAMATION.-A RAILWAY MiP of KNOLAND 

<j- RJstcin, anil bU tb? Itallira 



ii1k1_WAI.es, pTfp^r^ >|^K; PRioB J^'"'*"^ '^.^ *•■ •,"*■ C.E., iboM-iog 



XNaiiAHD and WAI.B8.— STANFORD'S PORTABLE MAP of ENG- 
LAND tnd WALia. With UKBaiLwam Vntj donrlj dclinfiiwl ; [ho QlfeB 
■nd Totnu distil igiiishsl uconllDg to Ibelr PopuUiIun, fee Seal?. IS mtla to 

BHaLAim and WALES, QEOLOaiCAI. HAP.-B}- Akaikw 

WTiotOrucitr'luIn mid Irclimd, Salx, 13 mllei Id un Inch i hIu!, 3a lncli» 

bj «. [.Vsjo fiUilion, preiariug. 

WALBS.— fORTR and SOUTH WALES. Fe-Issne of WnUter'n MajB, 



n OOnSTIES and BABONIBS, on i 



-Mw&rd Stanford, 55, Ckaxm^ Ciw,«, \Aii&!s&. 



BKLBOTKD Lin. 



LOITDON. 



OOLLIH S' BTANQASD MAP of I/OSSOK >■ •dtolnNjr HtfUi 

Frkc pUln. in cu^ li. i (ukmRd, li, «! : nuniDUd on linen, dwiob 3i. M; . 
DO mio, lUllUlKd, IL M. 

BBmSH ICBTBOPOLia and SUBUBBS.— STA^TFOBiyB NEIT 
MAP ot U« BRITISH MEFROPOLrs »nd SCIBUEBS S«L% a inAt 



linud beTQdd the Crjiul PiLu^ 



l^oe, Ed AbKI, 41.; EuiunEiit 
or (he j«n IBM 4 J t )-8-»-t(i-n-» 



WAYS, POSTAL E 



LOKDON ftnd ita BNVIEONS.— niVIEas MAP of LONDON »ii__ 
Iti l^STIRoyS. ScAl<^ » lacba Ui & mile; sUe. 3G Indm b^ 2S. Piiov 
slieet, 4i.{ colaoTHl, u. M.; mounlfd DU Itneo, Id mae, fti.) or oa igllav 



BHVraONS of LOITDON. — DAVIES'S 



Price, sheet. pWn.ui 



£dward Stanford, 55, C\u.tiiL% &cti«&, Xtn^^sm. 



NOBTSEBSr ASIA, Including SUmia, Kamleclislka. Japin. MontdiDoris. 
Mongolia, Tdmoiigarii. Tibet, and Ihe HIiaaUjH MoudUdos. By S. Annuir- 
■KiTiL Hcala. 110 mlks iDuilncli; BlK.sg iQDbesby 39, Sbeel, coluDrcd. 4i. ; 



CBNTBAL ASIA.— STANFORD'S MAP of CENTRAL ABIA, tadDding 
Teb«nu>, Klilr^Bulibs».Ki]lian,Yarlaiid, lfubul,Raal.tH:. Scale.liomllea 
toanlncb; siif , 22 iouhei b; II. CulDaredeliHl,!!(,ed.; monDlfd, id cue. 6(. 

ASIA HINOB. ftc. CTDRKEY In ASIA). With paiUma of Persia, lie 
Casptm Sra, BDd iliB CaacaslaD Ududi^db. By J. AuBowawTU. Scnlt, GE 



:. Ccloured, Si. j rai 
nmiA.— MAP Dt INDIA. By J. AniowaniTil. Sole, 10 mllca to on Inch i 



pntJ-QDirlerm _. , _, 

Scde. t mllee to sn Inch; size. Da iuchrs by Is. Elgbt shceu, colouml. 2 
DumnM. Id cm, iL 13i. id.; on roller, ismiBlKd, II. ii.; spring 

OBYI.ON. -COFFEE ESTATES ot CEYLON. Map iliowtaRtbe Position 
Coffiie EsUus la the Ccptral Proilnce of Cfylon. By J. Abkowskith. 

WT TRTWAIT j^c.— A Mup allowing the vailoue Ronlee piopnwd for cana 
Cblu Willi IndlB and Kurope ttamugli llnnuab, mid dtCEloping theTn 
Eastern Bengal. Butmuti, und China. Preiiurd under the direcU^n of 



Edward Stanford, 55, 



h'OIlD'a MAP or the BMPII 



Cbamg d(i«&, \£n^&!s^ 




Sdward Stanfoil, &5, Ctaxto.^ d^^iw, Ijsniissa. 



OEHEBAL MAPS. 



JVM:E!I4ia.A.- 
BRTTISH C0I,TI1IBIA.~NBW MAP of BRITISH COLUMEIi, to ths 



ale, 3fi mlkii La on iqcb ; 

flTNITBD STATES and CANADA.-STiNFORD'S NEW RAILWAY 
' and COUNTY MAP of Urn UNirKI) STATES sud ■IfcRRl TORltS, looelUer 

D-MlTiUO STATES.— ST rtUFOHD'S HANDY MAP of tie USITED 
STA Tlia. Moile. so milea In mi iuch ; Edie, 40 liKibcH bjr as. ColoBred »bml, 

ig N ITED STATES.— STAMFORDS SMALLER RAILWAY MAP of U» 
UNITED 81' ATES. SniLe, IZO iiiLlM 10 an Inch ; alin', 38 Imliea by IIJ. Two 
ilitets, collared, 4i. ftd, ; moanUd no liaec, In dies, St. M. 

lOXOTEItAI. AMBBIOA.— BAiLEI'S MAP of CENTUAL AMERICA, 

ooltoea, lu ouf, IDs. ^i on ruUer, Torolbbed 14'- 
■XCEXIOO.— A OliIHIiUAL MAP of tho REPUBLIC of MESICD. Bj Ok 
i Brlgadiiir-Qt^em] PuiBO a^Bcu Cohde. Engnved Icuio Ibe Original Survey 
' nude bj Older of Ihe Mexican GovenimedL Slae, so iuchea hj 31. KbeetB, 

BBRMtlDAS.— MAP of lio BERMUDAS. Published ty direcltai of HW 

Mounted, in caBE, or on tnUeT, vannfihed. 3li. 
VEST IWDIA IBLAWDS and QTJATBl£ALA.-3hnwiF« (be 

);A1CAI0A.— A NEW MAP of the ISLAND OF 
' Bade. IJ ' 



Roads and Survejor-Generftl. 



'BABBADOES.— Topograpblcft] Map, based upon Mate's Original Sarvey In 
IIJI, and Gorreeted lo die Jtar IMS. Bj- Sir itOBIHT S. ScaoNSDSdH, li.B.EL 



Edward Stajiford, S5, Cliariiig do&%, 1i<;su^e!^ 



BIL&07BD LIST. 



.ui. BuKlin, Fi¥rd»«t. &c Bj .1. Aeiuv- 
BuiB. ooue, mi miiei lo «n men. On two 6hM«; siic of etch, 32 incbc* tj 
M. SI»U, wloored, SI. ; mounted. Id cue, tSL 

BASTBBN AVSTBAI.IA.-CDDnTiiet«l bom OIHdiJ uid Mber orlEinil 
rkiciinieiU, udlDiied u> iliF MiriilQio Sarvpj ol Flinders. King. Wlckhun, 



WZ8TEBN ATTSTBALIA.— With Ptaas ot P*rtb. Frcmimllp. bd* IJiiM- 
''" "'" -.., ' pn,n^^ Eflq.. SLirve^Dr-GtrierM], odd TroTD 

il OIBu sad Admlralif . By J. Aisov- 



80UTH ADSTaAl.IA.—Sliow1ngUieDi>1itoi into CoBolM* of the settled 
Uio Snoejs ut Upt, Frome. B,E., Siir»e.or-O™et»l ol the Colour. W ■!■ 

OUBBW8r.Ain>.— STANFORD'S NEW MAP of Ibe PEOVINCK of 
(JUKKNSLAND (Nudh-tJutfTD AiuuiUi) : Ccosplkd from the moBt rell- 
■fate AaUioriUrs. Sole. M nllH Ui hi IuD ; dw, IS iDclKti b; 13. Id ilKett, 



NEW ZEALAHD.— STANFORIl'S MAP of NEW ZEALAND: t 

1*. Full-ail^i^Hi. Is sbwt. ii. i nioanl«l on Unrn, In cafle, i. m! 
HEW 2:£AI,AND.— ntiinOffidal rDcumenU. By J. A rbowbhtth. 



. lit Abeei, culoimd, }«, 



TASMANIA [Van Diemen's Land).— From MS. Snrvers In the 
Cul.iniilWHce.indinlheViiiiUl.iuen'BljiiuiaptiipMiy'aOlBa. ByJ.AjiEaw. 



m 



Bdward Stanfoxa, 5&, Cbaivag ^tts6,\M^&sso.. 
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BOHOOL MASS. 1< 

School SlafiS. 

BTAHFOED'S HEW SEBIES OF SCHOOL MAPS. 



SRStem BemlBphare. I Bnsland. I Africa. 
WesteTH HemiBptaere. Asia. North. America. 

Snrope. Holr liOJid. South America. 

British lalea. | India. I AuBtralaaia. 

Abot Bize 42 IncbfiB }iy 34, each 9t. 
Scotland. | Ireland. | AuBtralia. | New Zealand. 
Old Testament. I New TeHtament. | Acta and Briatlea. 
The British lalea. SIza IS Incbcs by 90, price *2t. 
The "World in HeniiBphereB. Siie loa inehca by so, priw aes. 
TblH New BcriM of LarK SchdOl Mapfl bus (wen drawn »nii engnnnl Witt Ibo 
ntmuat care, aiid ia constructed upon tlie principle of cumbiulug wtEh gHV'aphlcaL 



STANFOBD'S SKALLER SERIES OF SCHOOL SAFS. 

FnbllBliBd under ihe ain-OJon of the SW'psnr con PnoiionKH CuaiBtuN Khow- 
LUHjRand of the National Socletv. These new Mapr^ reUhi HllUie chorocter- 
Ifltlc bnldiieH of the krgrr Berlce. and ore apcdallj auJUbla Tor aiDall claflBts. 

The followUiB are ready, cDhiared, and mounted on rvUer^ vanUahcd, Sj. i cr 
Id coloured abeet. 2s. Arf . j aizo, 32 Inches by '27. 
Eaatern Hemisphere. I Asia. I North 

W«Bteni Hemiaphera. I Holr Land. I 

Tba Hemispheres am be had monnted o» one Map» coloured^ 
lollen, vamlataed, 12i. ; aiie, S4 Incbea by 32. 
Also, colonred, and moonlad on rolhjIB, vamlalied; W. ; or in 
Old Testament. | New Testament. 
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RATUXAI. SISTDXI DUSKAMB, &C 



Stanford's diagrams of palnrni ^istors- 

7k^ DiianiB, snopOcd 19 tb« lakHt SitailiBc Ma vboK MBHBC afpeiiAEd, 
iiBfcMBw'UittgMrieiatitgadtaSjIM.miJIfcrlVIo ban teo cfifnnd In 
tlHfecastTleotin. Tbe Setts noAa oT Bern SnUtcOi ndi inuctd « tku 
U^iTb(n>Bn(«] in m ttect, or be dM^d IdU (iMr iniliiia ud ICiaed fai On 
Ibn at ■ Ink, lliua Ksdnliig Oan mfkUe iHlaa lor Clw Entnte* at indi- 

Tb> friiE af odi. Doniila] nn nlln- nid maStbrd, U u. ( « ft>liM in t bock. W. 
dUncteHstlD BritiBh Fonila. Bj J. W. Lowit. FiOA 
OhaiAdteriatic BiIUbIi TertiUT FohuIb. Gt J. W. LoHst, F.R.G^S. 
7<MBil Crostacea. Bj J. W. Sitiui. ALS, F.G5, uid H. WdODvuD, 

The Vegetable Kinsdoiii. Bj A. Hccnn. 

The Orders and Families of XoUosca. Bj Pr. Wdodtird. 

Hyriapoda, Aracbnida, Cmstaoea, Annelida, and Entosoa. 



BevUlia and Amphibia. Bj Dn. Beu, ud Baihd. 
Blids. B7GEOB01OUT. 



Irfamg's Jmprobt'& CatEtbisms. 

BiTnED ■! EOBERT JAMES MATiJT. M.H, F.R.AA, F.iLOJi.. I 
kMndcnt of FJurattin In Natil ; Di. BDSHBT, Ths Kev. T. CL.A 
OORTOS, C. MACKENZIE, WM. MAUUHAM. F. W. SIMMS. J. T 



BUTUH COXITITDTIini. 



n*TiiuL PHiLoeoFirr. 
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YASTY'S QK&FEIC IU:.UST&A.TIONS of 

iboBtog Oxir L'lllilj Up Mm, in ih " 

I>«'Ji. Bnattfnuj coloaml. Sfu; 
!□ hue?, witb ^«9. l«:k Old k93 



IONS of AmMALB, 

a dnrtne Ufe uxl Use aKif 
bj 11 PHcti Uk Ki, ait a£i 
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